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I I I . Abs t rac t : 
In the study of the rhizome of Salvia miltiorrhiza 
Bunge (Labiatae), also known as Danshen, seventeen known 
compounds and nine new compounds were isolated f rom its 
methanol extract. The structure of the new constituents were 
determined by means of NMR and IR spectroscopy. 
(L Total synthesis of mi l t i rone (10 )， 1 ,2-d idehydro-
mi l t i rone (33) and 4-methylene-milt irone (77) f rom 2-isopropyl-
phenol w i l l be described. Furthermore, e i g h t modif ications of 
the A and B rings of miltirone (10) have been carried out, wi th 
the aim to study the structure-activity relationship of their 
interactions wi th central benzodiazepine receptors. 
7 
I V . I n t roduc t i on : 
The rhizome of Salvia miltiorrhiza Bunge 
(Labiatae), also known as Danshen, is an ancient Chinese 
drug ranked as a super-grade medicine in "Shen Lung's 
Materia Medica" i ( , 象 淨 ： ^ _叙) • Based on the red color 
of the root, Danshen is used as a blood tonic and has been used 
widely in China to treat coronary heart diseases。’]. It has 
reportedly sedative and tranquilizing effects and is also being 
used to treat neurasthenic insomnia^-^ Owing to its broad 
spectrum of in vitro pharmacological activity, many efforts were 
placed on the isolation and identification of the pigments in the 
organic extract of Danshen. The presence of three red pigments, 
I 
known as tanshinone I, tanshinone I I and tanshinone I I I，were 
f irst ly reported by Nakao^ in 1930. Later, Takiura?,^ proved that 
tanshinone I I was a mixture of tanshinone I IA and tanshinone 
I I B ， a n d furthermore, tanshinone I I I was a mixture of 
tanshinone I I and a new pigment, namely cryptotanshinone. 
The structures of tanshinone I (1)， tanshinone I I A ( 2 )， 
tanshinone I IB (3) and cryptotanshinone (4) were determined 
by von W e s s e l /，K a k i s a w a '。，T h o m s o n ' ' and TaJdura i 2， 
respectively to be diterpenoid quinones during 1940 to 1968 
(Scheme I ) . Actual ly, over the last f i f t y years, series of 
systematic studies were carried out by different research groups 
and no less than thirty components have been isolated and 
identified from Salvia miltiorrhiza Bunge (see Scheme I ) . In 
8 
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1968 and 1969，Kakisawa reported the isolation of f ive new 
tanshinones, namely 1-hydroxytanshinone I I A ( S f ， m e t h y l 
tanshinonate (6)13，isotanshinone I (7)"，isotanshinone I IA 
and isocryptotanshinone (9)i4. A l l these pigments possess furo-
1,2-naphthoquinone chromophore. During the early seventies, 
the same author isolated a new diterpenoid quinone, namely 
milt irone (10)”，which has an isopropyl group instead of a furan 
moiety. Also, a new phenolic diterpene, salviol (11)^^ was 
isolated by Kakisawa. Since 1976，several groups of Chinese 
chemists have participated in the research on Danshen. In 
17 
1976， Fang isolated four new components, namely, 
( - ) - l，2-dihydrotanshinone I (12 )，danshenx inkun A (13 )， 
denshenxinkun B (14) and denshenxinkun C (15), In 1978，Qian 
isolated a new compound, methylene tanshinquinone (16)18. 
Interestingly, it was the first time that a terminal olefinic 
group on the A ring of a tanshinone was discovered. Later, 
Feng and Li^^ reported the isolation of the isomer of 16， 
namely 1,2-dihydrotanshinquinone (17). During the course of 
the platelet anti-aggregant screening aimed at ident i fy ing anti-
inflammatory or cardiovascular agents, a new red pigment, 
Ro 09-0680 (18) was isolated from Danshen by Maruyama^^. In 
1984，Kong reported the isolation of two new components. One 
of them is dihydroisotanshinone I ( 1 9 f \ while the other one is 
danshenspiroketallactone (2 The isomer of 2 0 ， epi-
danshenspiroketallactone was however isolated by Luo. 
1 0 
The structures of these unique spirolactones are discovered in 
Danshen for the f irst time. Next year, a series of new diterpenes 
were also isolated by Luo, namely danshenxinkun D ( 2 2 f \ 
tanshindiol A (23)25，tanshindiol B (24)25，tanshindiol C (25)25， 
nortanshinone (26)25，3a-hydroxytanshinone I I A (27)^^ and a 
novel seco-abietanoid, tanshinlactone (28 )^^ . As reported by 
25 
L u o ， t a n s h i n d i o l B and tansh ind io l C were a pair o f 
stereoisomers w i th trans and cis orientation about the dio l unit , 
respectively. However, tanshindiol B (24) was later synthesized 
2 V 
by Snyder as a cis isomer and therefore tanshindiol C ( 2 5 ) 
should have the trans d io l unit. In 1985，Kusumi^^ isolated a 
d i te rpeno id phenalenone, sa lv i lenone ( 2 9 ) wh ich has been 
a r t i f i c i a l l y prepared by the rearrangement of taxoquinine and 
other royleamones. In the cont inu ing search for cytotox ic 
metabol i tes, Lee^^ iso la ted two new tanshinones, namely 
isotanshinone I IB (30 ) and neocryptotanshinone ( 3 1 ) in 
1987. In the same year, as reported by Kong^®, a Japanese 
chemist ( 无 嘴 ^ ^ ) isolated a new paraquinone, 
mil t ionone I I (32) f rom the ether extract of Danshen. Recently, 
Liio31 reported the isolat ion of 1,2-didehydro-milt irone (33) and 
1,2-didehydrotanshinone I I A (34). Kakisawa, on the other hand, 
isolated norsalvioxide (35)32，salviolone and arucadiol 
(37)32,34 (which was f irst ly found in Salvia argentea). Eventually, 
these d i t e rpeno id tanshinones have at t racted pa r t i cu la r 
a t ten t ion because many of them exh ib i t ed s i gn i f i can t 
1 1 
ant ibacter iaP,35,36，ant idermatophyt ic35’36，ant i -ox idant '^ ant i -
infammatory36,38， a n t i - n e o p l a s t i c ' 9 and a n t i - p l a t e l e t 
aggregation〗•’ 29,31 activities. 
In an evaluation of the pharmacological profi le of 
H-f luni t razepam binding to central benzodiazepine receptors by 
the crude extract of Danshen, we have, therefore, in i t ia ted a 
systemat ic i so la t i on of tanshinones f r o m Danshen and 
subsequen t l y s tud ied the i r i n t e r a c t i o n w i t h c e n t r a l 
benzodiazepine receptors. We would l ike to report here the 
isolat ion of nine novel tanshinones and the total synthesis of 
some active constituents. Moreover, based on the skeleton of 
m i l t i rone , the most active central benzodiazepine receptors 
l igand found in Danshen, some modif icat ions were carried out 
w i th the aim to further improve its interact ion w i th central 
benzodiazepine receptors. 
The synthesis of tanshinones have been recorded 
* 2 7 4 0 4 8 
since 1961 and there are basically two main approaches. 
The first one is the Diels-Alder cycloaddition27’4i-44. As shown in 
Scheme I I，Kak iswa仏42， r eac t i ng 3 -methy lbenzofuran-4 ,7 -
quinone (38) prepared by the oxidation of 3-methylbenzo-
furan-4-ol wi th Fremy's salt wi th a suitable diene [6,6-dimethyl-
1 -v iny l cyc lohexene (39 ) or o-methy l -s tyrene (40)]，generated 
cryptotanshinone (4)，tanshinone I IA (2 ) and tanshinone I ( 1 )， 
respectively. In 1985，Knapp^^ used directly an ortho-quinono 
(43) in the Diels-Alder reaction to produce milt irone in only one 
step (Scheme I I I ) . However, owing to the instability of 
1 2 
Scheme I I 
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quinones and the di f f icul t ies in control l ing the orientation of the 
cyc loaddi t ion reaction, the yields of the Die ls -A lder reaction 
were not satisfactory. Recently, Snyde r ' ' ' ' ' reported the use of 
u l t rasound to i m p r o v e the y i e l d and to c o n t r o l the 
reg iose lec t iv i ty o f the D ie ls -A lder react ion, leading to the 
synthesis of tanshinone I I A (2)， nortanshinone ( 2 6 ) and 
( 土 ） - t a n s h i n d i o l B (24) as shown in Scheme I V . 
Scheme IV 
。 份 十 《 身 ： 
巧 ， R 2 = R 3 = C H 3 2，Ri=H, R2=R3=CH3 50，Ri=H, R2=R3=CH3 
46，Ri=H, 48，Ri = H, 51, = 
3，^2'R3=0CH2CH2 0 R2，R3=0CH2CH20 R2，R3=0CH2CH2 0 
47，Ri,R2=OC(CH3)20, 49，Ri,R2=0C(CH3),0, 52，Ri，R2=0C(CH3)2 0， 
R3=CH3 R3=CH3 R3=CH3 
Total Yield (%) Product (Ratio) 
76 2 : 50 (10 : 3)""“ 
65 48 : 51 (8 : 1) 
76 49 : 52 (5 : 1) 
The Other route was the stepwise ring 
const ruc t ion approach^^'^^ Kakisawa and Kusumi^^'^^ used 
1,2,4- t r imethoxybenzene (53 ) to synthesize tanshinone I I A (2) 
and there fore , c ryp to tansh inone ( 4 ) by a four teen-s tep 
procedure as shown in Scheme V. 
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Scheme V 
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(CH2C0)20 QH5NO2, AICI3； b. H2，Pd-C，AcOH; c. PPA; 
、乙n，C^H ,^ HgCl2, ether 4-bromocrotonate; e. Pd-C, 280-290°C' 
f - 仏 辨 、 愁 r ; g. Li, ether, n-BuBr, CO】；h. CH.N.； ， 
1. NaH DMSG, then AI, HgCI^; j. CrO]，Py; k. B ^ f CH^CL^; 
I. 1^ 2 CO3, ethyl bromoacetate, acetone; m. NaOAc, Ac^O, heat-
n* Mg, Mel, ether, then 175-180°C; 0. Fremy's salt, acetone, H2O. 
Friedel-Crafts reaction of compound 53 wi th succinic 
anhydr ide a f fo rded compound 5 4 . The second r ing was 
constructed by the cyclization of the reduced product 
1 5 
55. Reformatsky reaction of the tetralone 56 wi th ethyl 4-
bromocrotonate afforded an intermediate, which was aromatized 
at high temperature catalyzed by pal ladium in charcoal to give 
compound 57. Friedel-Crafts cycl ization of 57 gave compound 
58 . In order to introduce a furan moiety, f ive steps were 
used to functionalize the 7-position. Then the skeleton of 
tanshinone I I A was obtained through two steps, g i v i n g 
compound 61 . Deprotection and oxidat ion of compound 6 1 
furnished tanshinone I I A (2) . 
In 1973，Nasipur i47 synthesized m i l t i r one by a 
similar route using ;?-bromoanisole ( 6 2 ) as starting material. 
The synthetic scheme is shown in Scheme V I , The isopropyl 
side chain was introduced to compound 62 through react ion 
wi th isopropyl alcohol in concentrated sulfuric acid. The carbon 
side chain was introduced through Grignard reaction between 
compound 63 and ethylene oxide. The corresponding tetralone 
67 was obtained through three classical steps f rom compound 
64 . Similar to Kakisawa's method45,46，Reformatsky reaction, 
f o l l o w e d by h y d r o g e n a t i o n - d e h y d r o g e n a t i o n at h i g h 
temperature catalyzed by pal ladium in charcoal, gave compound 
69. Grignard reaction of compound 69 and methylmagnesium 
iodide followed by cyclization of the resulting tertiary alcohol 
yielded compound 70 . Again, deprotection and oxidat ion by 
Fremy's salt gave mi l t i rone ( 1 0 ) . In addit ion, Miyasaka^^ 
reported the biosynthesis of cryptotanshinone (4) . 
1 6 
Scheme VI 
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B r " Br HO J 
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a. iprOH，H2SO4, 80°C; b. Mg, ether, E l ^ C H ^ ; 
c. PBr3, CCI4，60。C; d. (Et02C)2CH2, Na, EtOH, heat, then H Q ; 
e. KOH, EtOH, heat; f. 170。C; g. PCI5, benzene; h. AICI3, benzene; 
i. Zn，HgCl2, methyl 4-bromocrotonate, benzene, heat; 
j . Pd-C, 280-300。C; k. MeMgl, ether; I. PPA, 170°C; 
m. Py.HCI, 210-220。C; n. Fremy's salt, acetone, water, KH2PO4 
Although the Diels-Alder cycloaddition is a simpler 
method，a choice in favor of the stepwise r ing construction 
method was used to facilitate the control of regioselectivity and 
the subsequent modifications. 
1 7 
V. Results and Discussion: 
A . Isolation and structure elucidation of new compounds 
Repeated column chromatography of the methanol 
extract of Danshen on silica gel, in some cases fol lowed by semi-
preparative HPLC, afforded twenty six compounds. Among these 
compounds, seventeen of them are known compounds: 1，2，3， 
6，10，12，13，14，16，17，18，22，26, 28，33，36 and 37. 
Compound 33 and 36 are noteworthy because they have been 
only recorded very recently^®'^^ and were reported to form red 
and l ight yel low oil , respectively. However, we isolated 3 6 as 
l ight ye l low crystals w i th mp 180-182。C ( f rom hexanes/ethyl 
acetate). Compound 33 was isolated as red crystals with 
mp 71-75°C ( f rom hexanes) and its structure is also supported 
by a total synthesis (vide infra). 
In addition to these known compounds, nine 
compounds ( 7 1 - 7 9 ) were isolated for the f i rst t ime f rom 
Danshen (Scheme V I I ) . 
6,7,8,9-Tetrahydro-l,6,6-trimethylfuro[3,2-c]naphth-
[2 , l -^ ]oxepine-10,12-d ione (71) was proposed by Kusumi^^ as an 
artefact produced by the photo-oxidation of tanshinone I I A (2). 
To this end, Kusumi studied in detail the photo-oxidation of 2 
which indeed resulted in the isolation of Consequently, the 
isolation of 7 1 f rom Danshen unequivocally provides a part ial 
1 8 
proof of the Kusumi mechanism'^^ Compound 7 1 forms colorless 
crystals ( f rom hexanes/ethyl acetate), mp 151-152。C ( l i t ， m p 
137-140°C). The IR spectrum (IR-1) shows absorptions at 1780 
and 1737 cm'\ ind ica t ing the presence of an unsaturated 
carboxylic anhydride. The proton N M R spectrum of 7 1 (NMR-1) 
is identical to that reported49. The structure of 7 1 was further 
conf i rmed by X-ray crystallography^®. 
Scheme VII 
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l , 2 ,6 ,7 ,8 ,9 -Hexahydro- l ,6 ,6 - t r imethy l fu ro [3 ,2 -c ] -
naphth[2, l -^ ]oxepine-10,12-d ione (72) forms colorless crystals 
(from hexanes/ethyl acetate), mp 176-178°C. The IR spectrum 
(IR-2) shows absorptions at 1778 and 1719 c m ] which are in 
accord wi th an unsaturated carboxylic anhydride structure. The 
proton NMR (NMR-2) absorptions at 5 1.35 (d, J二6.8Hz，3H), 
3.61 (ddq, J 二 6.8，7.1，9.8Hz，IH), 4.20(dd，J二7.1，9.1Hz，lH)， 
4.74(dd，J=9.1，9.8Hz，lH) indicate the presence of a 1,2-
dihydrofuran segment. Other proton NMR signals appear at 
51.31(s,3H), 1.33(s，3H)， 1.60-1.90(m,4H), 2.70-3.00(m,2H) and 
7.60(s,2H). The mass spectrum of 72 shows M+ at mie 312 and 
the elemental analysis (C 73.06， H 6.40; C19H20O4 
requires C 73.06，H 6.45) is commensurate with the proposed 
formula . 
l , 2 - D i h y d r o - l , 6 - d i m e t h y l f u r o [ 3 , 2 - c ] n a p h t h [ 2 , l - ^ ] -
oxepine-10,12-dione (73) forms l ight yellowish crystals ( f rom 
hexanes/ethyl acetate), mp 152-153°C. The presence of an 
unsaturated carboxylic anhydride moiety is indicated by the IR 
absorptions (IR-3) at 1768 and 1714 c m ] . The proton N M R 
spectrum of 73 (NMR-3) is quite similar to that of (-)-l，2-
d i h y d r o t a n s h i n o n e I ( 1 2 ) ” , i s showing peaks at 
51.41(d，J=6.7Hz，3H)， 2.74(s,3H), 3.70(ddq,J=6.7,7.3,10.1Hz,lH), 
4.29 (dd, J=7.3,9.1Hz, IH), 4.84 (dd, J=9.1, lO.lHz, IH) , 
7.40-7.60(m，2H)， 7 . 86 (d , J=8 .9Hz , lH ) , 8.00(d，J=8.3Hz，lH)， 
8.25(dJ=8.9Hz, lH). The mass spectrum of 73，showing M + a t 
20 
294.0891 (C18H14O4 requires 294.0892) is again 
commensurate wi th the proposed formula. 
I t is possible that 72 and 73 might also be produced 
by similar photo-oxidation reactions of cryptotanshinone 
and (-)- l ,2-dihydrotanshinone I respect ively. 
Formyltanshinone (74 ) forms red crystals wi th mp 
2 7 1 - 2 7 3 ( f r o m hexanes/ethyl acetate). The mass spectrum of 
74 shows M+a t mie 290.0579 (C18H10O4 requires 290.0579). 
The proton NMR spectrum of 74 (NMR-4) is similar to that of 
tanshinone I showing typical al lyl ic segment absorption 
for the methyl protons at 52.35(d，J=1.0Hz，3H) and for the olefinic 
proton at 57.40(d,J=1.0Hz, lH) . In addit ion, the peak at 
IS assigned to the proton of an aromatic aldehyde. 
Methylene dihydrotanshinquinone (7 5 ) forms red 
crystals，mp 146-147.5。C (from hexanes/ethyl acetate). The 
mass spectrum of 75 shows M + a t mIe 280.1087 (C18H16O3 
requires 280.1098). The proton NMR absorptions (NMR-5) at 
51.38 (d, J二6.8Hz’ 3H), 3.62 (m, IH), 4.39(dd，J=6.3，9.2Hz，lH) and 
4.91(dd，J二 9.2，9.7Hz，lH) indicate 
tne presence or a 1,2-
dihydrofuran segment. Peaks at 55.10(s,lH) and 5.54(s, lH) are 
assigned to the terminal olefinic protons. The structure of 75 is 
established by comparing its proton NMR with that of methylene 
tanshinquinone (16)^^. 
21 
1,2,5,6-Tetrahydrotanshinone I (7 6 ) forms red 
crystals wi th mp 142-144。C (from hexanes/ethyl acetate). The. 
mass spectrum shows M^ at mie 280.1113 (C^s^^^O^ requires 
280.1098). Similar to 75， the proton NMR spectrum of 7 6 
(NMR-6) showing absorption at 63 .62(ddq ,J=6 .1 ,6 .8 ,9 .5Hz , lH) , 
4.38 (dd，J二6.1，9.5Hz，lH) and 4.91 (t，J=9.5Hz，m) indicates the 
presence of a 1,2-dihyclrofuran segment. Furthermore, peaks 
at 52.07(d，J=1.3Hz，3H)，6.10(m，lH) indicate the presence of an 
endocyclic double bond with a methyl substituent. The structure 
of 76 is also established by comparing its proton NMR spectrum 
with that of 1,2-dihydrotanshinqumone (17)19. 
4-Methy lene-mi l t i rone (77 ) forms red crystals, mp 
137-140°C (from hexanes). The mass spectrum of 77 shows M+ 
at m/e 266 and the elemental analysis (C 80 .66，H 6.76; 
C1 gH 18O2 requires C 81.17, H 6.81) is commensurate wi th the 
proposed formula. The proton NMR spectrum of 77 (NMR-7) is 
quite similar to that of milt irone (10)^^ with the exception that, 
instead of a 发em-dimethyl system, .77 shows a terminal olefinic 
system whose proton N M R signals appear at 55 .06(s , lH) and 
5.50(s, lH). Furthermore, the structure of 77 is unambiguously 
substantiated by a total synthesis (vide infra). 
7 p - H y d r o x y _8，13-abietadiene-1 l， 1 2 -d ione (7 8 ) 
forms l ight yel lowish crystals, mp 83-84。C (from hexanes/ethyl 
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acetate). The mass spectrum of 78 shows M+ at mie 316.2040 
(C20H28O3 requires 316.2039). The IR spectrum (IR-4) of 7 8 
showing absorptions at 1645 and 1627cm'^ is indicative of the 
presence of an ortho-q\imont moiety. The proton NMR spectrum 
of 78 (NMR-8a) is rather complicated due to the fact that some 
of the methylenic protons are obscured by the f ive methyl 
absorptions. However, a choice in favor of structure 78 might 
have been made on the basis of proton absorptions 
supported by 2D COSY and 2D NOESY. The proton NMR 
spectrum of 78 (NMR-8a) shows that a 容 em-dimethyl 
group (50.93,s,6H) is bonded to a saturated carbon atom, 
and an isopropyl group (51.11, d, J=6.9Hz, 6H; 
§2.99,septet of d，J=l.l，6.9Hz，lH) is attached to an unsaturated 
carbon. Proton signals at 53.76(d,J=2.0Hz,lH,exchangeable w i th 
D2O) and 4.79(ddd,J=2.0,7.6,10.0Hz,lH) show the presence or a 
secondary alcohol group bearing a methylene group in the 
structure. A comparison of the proton NMR spectrum of salviol 
(11)16 and 78 suggested the assigned structure of the latter. 
Furthermore, the 2D COSY spectrum of 78 (Figure 1，NMR-8b) 
shows that the proton absorption at 54.79 is coupled strongly 
with those at 52.20(dd,J=7.6,14.0Hz,lH) and at 51.50 (obscured 
‘ by methyl protons absorption). However, the signal at 
52.65(br.dJ二 13.1Hz，lH) only couples wi th methylene protons 
absorbed between 51.00-1.80. The 2D NOESY spectrum of 7 8 
(Figure 2，NMR-8c) shows correlation peaks of U j ^ (54.79) with 
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Figure 1 2D COSY Spectrum of 78 
• 0 . 
扣-cosr 1 
-_ I 、 > X J U 
. 。 i ! 扇 
i 
/ | J . r 2.。。 
P> M~^ 
, L 3 . 0 0 
• [ 
c 
‘ [ L 4.00 E 
y ^ ^ [ 
L 5 . 0 0 
I 
J" L 5.00 
/ 1 I I I , 1 I Pp/4 
广- 1 … S.。。 5.00 4.00 3:00 2.00 l.'oo . . . ‘ ‘ 
Figure 2 2D NOESY Spectrum of 78 “ 
u 
c t r d x ! I 
J . 灿 H . J ] 
I “ -— ^ ^ 
I . , ^  ：. ^ '-^Wl L 1.00 
> 口 藏 I [ 
—、 t i [ 
# I [ 
& ^ I L 3.00 
' . . “ ！ I 
I i 
I L 4.OG 
- i [ 
. 就 i 
j ：  j 5 . 0 0 
I 
I i • 
！ ！ 丨 
i ^ - ' i L s.oo 
‘‘— — -
I 丨丨……1——r , , ,, , ,.., 一 …..., 5.00 a. 00 3.00 2.00 1 00 
. P PM • 
24 
H6p (51.50)，as wel l as 7-OH (53.76) with H^p (51.50). These 
suggest that the proton NMR spectrum of 78 can be assigned as 
S0.93(S，6H，4-CH3)，1.10-1.80(m,7H), 1.1 l(d，J=6.9Hz，6H’15-CH3)， 
1.37 (s, 3H, I O P - C H 3 ) , 2.20 (dd, J=7.6，14.0Hz，2H, H ^ J , 
2.65(br.cU=13.1Hz，lH，Hia)’ 2.99(septet of d ,J= l . l ,6 .9Hz, lH,Hi5) , 
3.76(d，J=2.0Hz，IH, 7p-0H), 4.79 (ddd, J=2.0,7.6,10.0Hz, I H，H ^ J 
and 6.36(d，J=l.lHz，lH，Hi4). The posit ion of the secondary 
hydroxy group was further proved by the oxidation of 78 with 
chromium trioxide to afford the triketone 80 (Scheme V I I I ) . 
The proton NMR spectrum of 80 (NMR-10) shows absorptions at 
51.79 (dd, J二4.3，14.1Hz，U^a), 2.51 (dd, J-14.1,18.0Hz, IH , H^), 
2 .67(dd,J=4.3 ,18.0HZ, lH,H6) with the disappearance of signals at 
52,20, 3.76 and 4.79, 
Scheme VIII 
(f O 
_ C r 0 3 • 
78 80 
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Sugiol (79) was isolated from New Zealand tree rimu 
(Dacrydium cupressinum) as well as from other sources^ \ and 
was for the first time isolated from Danshen. Sugiol (79) forms 
colorless crystals, m.p. 273-275。C (from hexanes/ethyl acetate) 
[lit5i mp 283-284°C]. A l l spectroscopic data of 79 are identical to 
those reported^ ^ (NMR-9a, NMR-9b). 
B. Total synthesis of natural compounds isolated from Danshen 
1. Total synthesis of miltirone (10) (a modified procedure) 
A l t hough m i l t i r one has been synthesized by 
Nasipuri^'^ in 1973， the synthetic pathway was rather long 
(thirteen steps) wi th only 1% total yield. We would l ike to 
report here a modif ied procedure using an inexpensive 
starting material 2-isopropyl-phenol (81) . 
V ia the new procedure, m i l t i rone ( 1 0 ) was 
synthesized through nine steps with a total yield of 6% as shown 
i n Scheme I X . 2 - I sop ropy l -pheno l ( 8 1 ) was protected as 
methyl ether (8 2 ) using dimethyl sulfate. Compound 8 2 
underwent Friedel-Crafts acylation wi th succinic anhydride and 
aluminum chloride to y ield 83 as colorless needles ( f rom 
absolute ethanol), mp 133-134。C. [Proton-NMR (NMR-12) : 
51.26(d,J=6.9Hz,6H), 2.80(t,J=6.6Hz,2H), 3.29(t，J=6.6Hz，2H)， 
3.31(septet, J=6.9Hz, IH) , 3.90 (s, 3H), 6.87 (d, J=8.5Hz, IH)， 
7.84(dd，J=2.1，8.5Hz，m)，7.88(d，J=2.1Hz，lH).] C l e m m e n s o n 
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reduction of 83 gave the acid 84 as colorless l iquid, which was 
cyclized upon treatment wi th polyphosphoric acid to afford the 
tetralone 67 as l ight yellow liquid. [Proton - NMR (NMR-14): 
51.20 (d, J 二 6 . 9 H z ， 6 H ) , 2.11 (quintet , J = 6 . 5 H z ， 2 H ) , 
2.63(t,J=6.5Hz,2H), 2.95 (t, J=6.5Hz，2H), 3.37(septet，J二6.9Hz，lH)， 
3.87(s,3H), 7.08(s，lH)，7.27(s,lH).] Up to this stage, four steps 
have been used to afford the known tetralone In order to 
improve the yield of the Reformatsky condensation of 67 and 
methyl 4-bromocrotonate, ultrasound was used and the yield 
was accordingly raised from 43% to 78%. The condensation 
p roduc t 85 was converted to 86 by heating wi th palladium in 
charcoal under nitrogen atmosphere. Treatment of 8 6 wi th an 
epess of methylmagnesium iodide yielded the tertiary alcohol 
which was not pur i f ied and was cycl ized d i rect ly w i th 
polyphosphoric acid to give 7 0 as colorless crystals ( f rom 
hexanes) mp 83-84°C [ l i t / ? mp 83-85。C ( f rom methanol)]. 
[Proton NMR (NMR-17): 51.28(d,J=6.9Hz,6H), 1.34(s,6H), 1.73(m, 
2H)’ 1.98 (m, 2H), 3.04 (t, J=6.5Hz，2H), 3.40(septet，J=6.9Hz，IH), 
3.95 (s, 3H)，7.17 (s, IH ) , 7.35(d，J=8.5Hz，lH)，7.55(s,lH), 
7.57(d,J=8.5Hz,lH). As expected, deprotection of 70 w i th boron 
tr ibromide and oxidation of the resulting alcohol 87 wi th 
Fremy's salt provided the target molecule 10 (NMR-18a)，whose 
physical and spectroscopic data are identical to those of an 
authentic sample isolated from Danshen (NMR-18b). 
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Scheme IX 
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a. Me2S04, aq. NaOH; bJCH^CO)】。，AICI3, CH .C I . ; 
c. Zn, HgCl2, HCl, heat; d. PPA, heat; 
e. Zn, BrCH2CH=:CHC02Me, THF, ultrasound; f. Pd-C, 280-300。C; 
g- MeMgl, Et20; h. PPA, heat; i. BBr ] , CH.CU, 0。C; 
j . Fremy's salt, KH2PO4, H2O. 
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2. Total synthesis of 1,2-didehydro-miltirone (33) 
(experiments carried out in collaboration with Mr. C. F. Chan) 
Based on the modif ied synthesis of mil t i rone (10 )， 
total synthesis of compound 33 has been accomplished. 
Compound 7 0 ， the in termediate already contains the 
tetrahydrophenanthrene skeleton, underwent benzylic oxidat ion 
to provide ketone 88 which forms colorless plates ( f rom 
methanol) wi th mp 89-91。C. [Proton NMR (NMR-19): 
51.29(d,J=6.9Hz, 6H), 1.45 (s, 6H), 2.07 (t, J=6.8Hz，2H), 
2 . 8 4 ( t , J = 6 . 8 H z , 2 H ) , 3.40(septet，J二 6.9Hz， lH)， 4.00(s，3H)， 
7.28(d，J=8.6Hz，lH)，7.55(s,lH), 7.80(d，J=8.6Hz，lH)，8.78(s，lH).] 
Reduction of 88 wi th sodium borohydride in ethanol afforded 
\ the corresponding alcohol 8 9 ， w h i c h was dehydrated w i th 
methanesulfonyl chloride in triethylamine to give the 
1,2-didehydro compound 90 . Compound 90 forms colorless 
crystals ( f rom methanol), mp 80-82°C. Its structure is 
established by proton NMR (NMR-21) which shows olef inic 
p r o t o n a b s o r p t i o n s at 56 .14( td ,J=4 .5 ,9 .9Hz, lH) and 
7.20(td，J=1.8，9.9Hz，lH). Again, deprotection of 90 gave alcohol 
91，which was f inal ly converted to the desired ortho-c^mnon^ 3 3 
with mp 71-75。C (from hexanes). The proton NMR spectrum of 
3 3 (NMR-22a) exhibi ts absorptions at 51.17(d,J=6.9Hz,6H), 
1.28(s,6H), 2.28(dd,J=1.8,4.5Hz,2H), 3.03(septet of 5 J=6.9Hz, lH), 
6.33(td二4.6，10.2Hz，lH)，7.08(d，J二0.8Hz，lH)，7.1 l(d，J二7.9Hz，lH)， 
7.49(d，J二7.9Hz，lH) and 7.86(td,J=1.8,10.2Hz,lH) which are in fu l l 
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accord wi th those of the natural product^^ (NMR-22b) ( S c h e m e 
X). 
Scheme X 
#OMe I OMe 
、 o r A A HO r f V ^ 
88 89 
OMe OH Q 
f f V " ^ rfHi 
g p ^ ^ ^ 5 7 % n 0 r 
90 91 33 
C a. PCC，CH2CI2； b. NaBH4, EtOH; c. MsCI, EtgN，CH.CU； 
d. NaH, CH3CH2SH, DMF; e. Fremy's, salt, KH2PO4, CH3COCH3. 
3. Total synthesis of 4-methylene-milt irone (77) 
In the total synthesis of compound 7 7， t h e most 
important step involves the construction of the exocylic double 
bond. Friedel-Crafts procedure converted the ester 8 6 to the 
ketone 92 w i th mp 149-151°C ( f rom ethyl acetate). [Proton 
N M R (NMR-23) : 51.31(dJ=6.9Hz,6H) , 2.30(quintet ,J=6.5Hz,2H), 
2.73(t ,J=6.5Hz,2H), 3.31(t，J=6.5Hz，2H)，3.44(septet，J=6.9Hz，lH)， 
3.99 (s，3H), 7.30 (s， IH) , 7.64 (s, IH ) , 7.68 (d, J=8.6Hz, I H ) , 
8.00(d，J=8.6Hz，lH).] The introduction of the terminal methylene 
group was achieved by the reaction of 92 w i t h t r i m e t h y l s i l y l -
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methy lmagnes ium ch lo r ide , y ie ld ing the in termediate s i l y l 
a lcohol . Peterson olef inat ion^^ of this s i l y l a lcohol w i th 
potassium hydride gave 93 as colorless crystal ( f rom hexanes), 
mp 123-124.5°C. The structure of 93 is supported by the proton 
N M R signals (NMR-24) of the olefinic protons at 55.03(s，lH) and 
5.54(s，lH). Due to the fact that the terminal double bond of 9 3 
is prone to react ion w i t h Lewis acid, sodium hydr ide and 
ethanethiol were used to effect the deprotection of the methy l 
ether. Thus, 93 was converted to alcohol 94 which was oxidized 
w i th Fremy's salt to yield compound 77，mp 137-140°C ( f rom 
hexanes). The physical and spectroscopic data of 77 (NMR-25a, 
NMR-25b) are identical w i th those of the natural 77 (NMR-7) . 
\ (Scheme X I ) 
Scheme XI 
^ M e j ^ OMe . OMe 
O 92 93 
OH , O I 
94 77 
a. KOH，EtOH，heat; b. PPA, 60-70。； 
c. MesSiCH^CI，Mg, EtjO, Br(CH2)2Br; 
d. KH, THF; e. NaH, CH3CH2SH, DMF, 150。C; 
f. Fremy's salt, H^O，CH3COCH3. 
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C. Modification of the A ring of miltirone (10) 
Based on the skeleton of miltirone (10)，compounds 
96，100，and 103 were synthesized, in order to examine the 
importance of the -dimethyl moiety on the interaction wi th 
central benzodiazepine receptors. 
1. Synthesis of 3 ,4 -d ihydro -7 - i sopropy l -phenan th rene-
l (2 / / ) ,5 ,6- t r ione (96) 
The f i rs t target molecule was 3 ,4-d ihydro-7-
isopropy l -phenanthrene- l (2 / / ) ,5 ,6 - t r ione (96) . Due to the fact 
that the ketone moiety of compound 92 is prone to reaction with 
、I 
Lewis acid as we l l as wi th sodium ethanethioate, pyr id ine 
hydrochloride was used to effect the deprotection of the methyl 
ether. Thus, compound 92 was mixed with an excess of pyridine 
hydrochloride at 200-220°C to afford the alcohol 95 which was 
oxidized by Fremy's salt to furnish the triketone 9 6 as red 
crystals ( f rom ethyl acetate), mp 185-189。C with an overall 
y i e l d o f 32% f r o m 9 2 . [Proton N M R ( N M R - 2 7 ) : 
5 1 . 2 0 ( d J = 6 . 9 H z , 6 H ) , 2 .14 ( qu i n te t , J = 6 .4Hz , 2 H ) , 
2.69(t,J=6.4Hz,2H), 3.07 (septet, J二6.9Hz，IH) 3.46 (口二6.9Hz，2H)， 
7.17 (s, lH), 7.31(d,J=7.9Hz,lH), 8.33(d，J=7.9Hz，lH).] ( S c h e m e 
X I I ) 
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Scheme XI I 
O o o 
92 95 96 
a. Py.HCI, 200-220。C; b. (KS03)2NO, KH2PO4, H^O 
2. Synthesis of l -methy l -3 ,4-d ihydro-7- isopropy l -phenanthrene-
5,6-dione (100 ) 
The next target molecule was 1 -methyl-3,4-dihydro-丨  ** 
- 7 - i sopropy l -phenan th rene-5 ,6 -d ione ( 1 0 0 ) . As i l lustrated in 
Scheme X I I I ’ treatment of 92 w i th methylmagnesium iodide 
y ie lded the secondary alcohol 97 in 70% y ie ld w i th some 
recovery of ketone 92. The recovery is owing to the competition 
of enolization. Dehydrat ion of 97 was in i t i a l l y performed by 
treatment with p-toluenesulfonic acid in acetic anhydride, 
y i e l d i n g however on ly 6 -methoxy -7 - i sopropy l -phenan th rene 
( 1 0 1 ) (see S c h e m e X I V ) . [Proton N M R ( N M R - 3 1 ) : 
S1.38(cU二6.8Hz，6H)，2.78 (s, 3H), 3.50 (septet, J二6.8Hz，IH), 4.08 
(s，3H), 7.40(d，J二8.5Hz，IH), 7.50 (t’ J=8.5Hz， IH), 7.69 (s， IH), 
7.72(d,J=10.0Hz, I H ) , 7.82 (d, J=10.0Hz, I H ) , 8.00 ( s， I H ) , 
8.50(d，J二8.5Hz，lH).] In v iew of this compl icat ion, a basic 
condi t ion was instead chosen. Compound 97 was, therefore, 
dehydrated w i th methanesulfonyl chloride in tr iethylamine^^ to 
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give compound 98 as colorless crystals, mp 105-107°C ( f rom 
hexanes). (Scheme X I I I ) . Its structure is established by proton 
N M R ( N M R - 2 9 ) wh ich shows o le f in ic proton absorpt ion at 
55 .91 (s , lH ) . Deprotec t ion of 98 by sodium hydr ide and 
ethanethiol gave the alcohol 99，which was f inal ly converted to 
the desired ortho-qninont 100 in an overall yield of 15% from 
92. Compound 100 forms red crystals (from hexanes) wi th 
mp 134-135°C. The proton N M R spectrum (NMR-30) exhibits 
absorptions at 5 1.17(d,J=6.9Hz,6H), 2.06(d, J=1.6Hz, 3H) , 





？Me OMe i OMe . 
92 97 98 
99 100 
a. MeMgl, ether, 0。C; b. MeSOjCI, Et^N, CH^ Cl】，（TC; 
c. NaH, EtSH, DMF, 150。C; d. (KS03)2N0，acetone, H^O 
3 4 
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3. Synthesis of l ,2,3,4-tetrahydro-7-isopropyl-phenanthrene-
5,6-dione (103) 
Another target molecule was l ,2,3,4-tetrahydro-7-
isopropyl-phenanthrene-5,6-dione (103) which has two protons 
in place of the ^^w-d ime thy l group in milt irone ( 1 0 ) ( S c h e m e 
X V ) . Clemmenson reduction of 92 gave compound 102 which 
contained the basic skeleton of 103. The proton NMR sprctrum 
of 102 (NMR-32) shows absorptions at 5 1.29 (d, J=6.9Hz, 6H), 
1.81-2.02 (m, 4H), 2.89 (t, J=6.0Hz, 2H), 3.03 (t, J=6.2Hz, 2H), 
3 . 4 0 ( s e p t e t , J = 6 . 9 H z , l H ) , 3 .95(s ,3H) , 7 . 0 5 ( d , J = 8 . 3 H z , l H ) , 
7.14(s,lH), 7.51(d,J=8.3Hz,lH), 7.55(s，lH). Deprotection of 102 
was effected by boron tribromide to give the corresponding 
alcohol which was oxidized with Fremy's salt to yield compound 
103，mp 92-94。C (from hexanes). [Proton NMR ( N M R - 3 3 ) : 
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92 102 103 
a. Zn(Hg), HCl; b. BBr]，CH^Cl!; c.(KS03)2N0，KH2PO4, H^O, acetone 
D . Modi f icat ions of mi l t i rone ( 1 0 ) aimed at increasing its 
solubi l i ty in water 
In order to increase the solubi l i ty of mi l t i rone ( 1 0 ) 
in water, one or two hydroxy groups have been introduced to its 
molecule. Accord ing ly , total ly four hydroxy compounds have 
been synthesized successfully. 
1. Synthesis o f l , 2 , 3 , 4 - t e t r a h y d r o - l - h y d r o x y - l - m e t h y l - 7 -
isopropy l -phenanthrene-5 ,6-d ione (106 ) 
Owing to the fact that hydroxy group is prone to 
reaction under either acidic or alkaline conditions, a number of 
conventional methods for the deprotection of the methyl ether 
(such as 102 ) merely lead to the decompostition of product. In 
order to remedy this shortcoming, benzyl ether which can be 
removed easi ly under catalyt ic hydrogenat ion cond i t ion was 
used as the protect ive group. In the presence of potassium 
carbonate, compound 95 (vide supra) underwent reaction w i th 
3 6 
benzyl bromide^^ to afford the benzyl ether 104 as l ight yel low 
crystals ( f rom ethyl acetate), mp 155-157。C. [Proton N M R (NMR-
34): S1 .35(d，J=6.9Hz，6H) , 2.28 (qu in te t , J二6 . 5 H z ， 2 H ) , 
2.72(t ,J=6.5Hz,2H), 3.27(t ,J=6.5Hz,2H), 3.53(septet，J=6.9Hz，lH)， 
5.25 (s, 2H), 7.36-7.55(m,6H), 7.67(d，J二8.6Hz，lH)，7.67(s，lH)， 
7.98(d,J=8.6Hz,lH).] As shown in Scheme XV I , treatment of 
Scheme XVI 
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a. K2CO3, acetone，CgHsCHjBr; b. MeMgl, ether, benzene, 0。C; 
c. H2, Pd-C, MeOH; d. (KS03)2N0，KH2PO4, NaOH，H2O, acetone 
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1 0 4 w i th methylmagnesium iodide gave the tert iary alcohol 
105 in 81% yield. The proton N M R spectrum of 105 (NMR-35) 
shows absorptions at 5 1.32(d,J=6.9Hz,3H), 1.33(d,J=6.9Hz,3H), 
1.62 ( s ， 3 H ) , 1 .92-2.10 (m, 4H) , 3 .00-3.04 (m, 2H) , 
3.51(septet,J=6.9Hz,lH), 5.22(s，lH)，7.31-7.67(m,9H). The benzyl 
3 7 
ether 105 was deprotected under an atmosphere of hydrogen 
catalyzed by palladium in charcoal to afford the corresponding 
alcohol. The alcohol was then oxidized by Fremy's salt at pH 7 to 
furnish the ortho-qxxmont 106 as orange crystals (from carbon 
tetrachloride), mp 142-145°C. [Proton N M R (NMR-36) : 
51.17(d,J=6.8Hz, 6H), 1.54 (s, 3H), 1.75-2.04 ( m ， 5 H ) , 
3.02(septet,J=6.8Hz, I H ) , 3.12-3.32 (m, 2H), 7.09 (s, I H ) , 
7.19(d,J=7.9Hz,lH), 7.92(d,J=7.9Hz,lH).] 
2. Synthesis of l ,2 ,3 ,4 - te t rahydro- r ra«5 ' -1 ,2 -d ihy d r o x y - 1 -
methy l -7- isopropyl -phenanthrene-5,6-d ione (110) 
As shown in Scheme XV I I，compound 1 0 5 was 
dehydrated wi th methanesulfonyl chloride in triethylamine^^ to 
give the endocyclic alkenyl compound 107 as colorless crystals 
( f rom hexanes), mp 84-85''C. Its structure is established by 
proton N M R spectrum (NMR-37) which shows olefinic proton 
absorption at 55.91(m,lH). Treatment of 107 with an excess of 
m a g n e s i u m m o n o p e r o x y p h t h a l i c ac id ( M M P P ) i n 
tetrahydrofuran and water gave directly the trans-diol 10 8 
as white solid (from ether), mp 144-146°C. The 
proton N M R spectrum of 108 (NMR-38a) shows 
absorptions at 51.32 (d, J=6.9Hz，3H), 1.33 (d，J=6.9Hz, 3H), 
1 .54(s ,3H) , 1.90-2.07 (m, I H ) , 2 .25-2.35 (m， IH)， 
3.09(ddd,J=6.7,11.0,17.5Hz,lH), 3.26 (br.dd, J=6.0，17.5Hz，IH), 
3.51 (septet, J=6.9Hz, IH), 3.99(dd, J=3.8,12.2Hz, IH), 5.22 (s, 2H), 
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7.20(s, lH), 7.31-7.70(m,8H). The /ra^z^-stereochemistry of the 
diol moiety is confirmed by the 2D NOESY experiment as shown 
Scheme XVII 
H O ^ 丁 H C ^ o X ^ 
1 0 5 1 0 7 1 0 8 
OH I O 
109 110 
a. MeSO^Cl，EtsN, CH2CI2，0。C; b. MMPP, THF, H.O; c. H,, Pd-C, MeOH; 
d. (KS03)2N0，KH2PO4, NaOH, H2O, acetone 
in Figure 3 (NMR-38d). As can be seen, no correlation peak can 
be observed between protons absorbed at 51.54(s，3H，l_CH3) and 
S3.99(dd，J二3.8,12.2HZ，1H，H2). The existence of such a large 
coupling constant of the proton at the 2-posit ion (J=12.2Hz) 
indicates that i t should occupy the axial position and, hence, the 
trans diol moiety should occupy the equatorial position in the six-
membered r ing. The benzyl protective group was removed 
under an hydrogen atmosphere catalyzed by pal lad ium in 
charcoal to give the alcohol 109, which was oxidized by Fremy's 
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salt at pH 7 to furnish the ortho-qwinonQ 110 in 63% yield. 
Figure 3 2D NOESY Spectrum of 108 
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Compound 1 1 0 forms orange crystals ( f rom hexanes/ethyl 
acetate) with mp 90°C (decomposed). The proton NMR (NMR-
39a) spectrum of 1 1 0 absorbs at 51.16(d,J=6.9Hz,3H), 
1.17(d，J=6.9Hz，3H)，1.45(s，3H)，1.74-1.91(m,lH), 2.17-2.23(m,lH), 
3.02(septet, J=6.9Hz, IH ) , 3.20 (ddd, J二7.3，ll.l，20.2Hz，IH), 
3-52(ddd, J=1.7,6.7,20.2Hz, IH ) , 3.93 (dd, J=4.0,12.3Hz, IH) , 
7.10(s，lH)，7.22(d,J=7.9Hz,lH), 7.93(d,J=7.9Hz,lH). The structure 
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of 110 is confirmed by 2D COSY (NMR-39d) and 2D NOESY 
(NMR-39e) experiments as we l l as by the carbon-13 N M R 
spectrum and its DEPT experiment (NMR-39c). 
3. Synthes is o f 1 , 2 , 3 , 4 - t e t r a h y d r o - c / ^ - 1 , 2 - d i h y d r o x y - 1 -
m e t h y l - 7 - i s o p r o p y l - p h e n a n t h r e n e - 5 , 6 - d i o n e ( 1 1 4 ) and 
1 , 2 , 3 , 4 - t e t r a h y d r o - l - m e t h y l - 2 - h y d r o x y - 7 - i s o p r o p y l -
phenanthrene-5,6-d ione ( 1 1 5 ) 
Scheme XVm 
OCu OCu i j L 
1 0 7 1 1 1 ^ ^ ^ ^ ^ ^ ^ ^ 1 1 2 + 
0 』 丄 i I OH 
H 4 115 113 
a. OSO4, iv-methylmorpholine "-oxide, ^BuOH, THF, H^O; 
b. H2, Pd-C，MeOH; c. (KS03)2N0，KH2PO4，NaOH，H^O，acetone 
Oxidation of 107 wi th a catalytic amount of OSO4 in 
the presence of iV-methylmorphol ine N-ox ido^^ gave the c /^ -d io l 
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I l l in 75% yield. Compound 111 forms colorless crystals (from 
hexanes/ethyl acetate), mp 128-131。C. The proton N M R 
spectrum of 111 (NMR-40a) shows absorptions at 
S 1.32 (d, J=6.9Hz，3H), 1.38 (d, J=6.9Hz, 3H), 1.54 (s, 3H), 
2.12-2.20 (m, 2H) , 2.45 (br.s, I H ) , 2.75 (br.s, I H ) , 
2 .99(dt ,J=5.6,17.2Hz, I H ) , 3.17 (dt, J 二 7 .6，17.2Hz， IH) , 
3.51(septet，J二 6 .9Hz， lH)，3.89(dd,J=3.5,5.4Hz, lH) , 5.21(s,2H), 
7.23(s，lH)，7.30-7.67(m,8H). The c/^'-stereochemistry of the diol 
moiety is confirmed by 2D NOESY spectrum of 111 (F igure 4， 
Figure 4 2D NOESY Spectrum of 114 
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NMR-40d), which shows a strong correlation signal 
between absorpt ions at 5 1.54 (s, 3H, I - C H 3 ) and 
53.89(dd，J = 3.5，5.4Hz，lH，H2). Unl ike the trans isomer, the 
coupling constants of the proton at the 2-position (J=3.5,5,4Hz) 
show that this proton should occupy the equatorial posit ion. 
Compound 111 was subjected to deprotect ion under an 
atmosphere of hydrogen catalyzed by palladium in charcoal. 
After that, the resulting phenol was oxidized by Fremy's salt at 
pH 7. However, two colored products 114 and 115 
were obtained. Compound 114 forms red solid (from 
hexanes/diethyl ether) wi th mp 42-45。C. The proton N M R 
spectrum (NMR-41a) shows signals at 51.16(d,J=6.9Hz,6H), 
1.48(s，3H), 1.73-2.23 (m, 2H), 3.01 (septet, J=6.9Hz, IH ) , 
3.30(dd,J=5.1,8.5Hz, 2H), 3.96(ddJ=2.0,5.3Hz, IH) , 7.10 (s， IH), 
7.20(d,J=8.0Hz,lH), 7.97(d,J=8.0Hz,lH). The structure of 114 was 
further supported by 2D COSY (NMR-41c) and 2D NOESY 
(NMR-41d) spectra. On the other hand, compound 1 1 5 
forms orange crystals (from hexanes / diethyl ether) with 
mp 124-126。C. The structure of 115 is established by proton 
N M R spectrum (NMR-42a) wh ich shows absorptions at 
51.16(d,J=6.9Hz, 6H)， 1.31(d,J=7.1Hz, 3H), 1.92-2.00 (m，2H), 
2 .97-3 .09 (m, 3H) , 3.17 (d t , J=7.9，19.9Hz， I H ) , 
3.49(dt,J=5.7,19.9Hz, IH) , 4.10 (m， IH) , 7.09 (d, J二0.5Hz，IH), 
7.13(d,J=7.8Hz,lH), 7.42(dJ=7.8Hz,lH). In addition, the yields of 
114 and 115 are dependent greatly on the reaction time of the 
deprotection procedure. 
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OH I O I 
^ ^ ^ p r pj/c 
I K l MeOH OH I O , 
1 1 3 115 
Entry Time (x hours) Yield 
： 1 1 4 1 1 5 
1 1 4 5 % 6 % 
2 1 . 5 3 4 % 2 0 % 
3 4 1 1 % 4 0 % 
4 24 < 5 % 4 9 % 
Table 1 Effect of deprotection time on the 
yields of 114 and 115 
As shown in Table 1，yield of 115 increases as the 
t ime of deprotection reaction increases. I t was possible that 
compound 115 was formed f rom the oxidation of 1 1 3 ， w h i c h 
w a s ， i n turn, fo rmed through the hydrogenat ion of the 
dehydrated product of 112 during the process of deprotection 
(Scheme X IX ) . 
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Scheme XIX 
9 " OH OH I 
112 113 
[ 0 】 
^ 115 
E. Modif icat ion of the A and B rings of milt irone (10) 
l , 2 , 3 , 4 - T e t r a h y d r o - 7 - i s o p r o p y l - p h e n a n t h r i d i n e - 5 , 6 -
dione ( 1 2 0 ) was synthesized in order to study the effect of the 
r ing B on the interaction wi th central benzodiazepine receptors. 
Thus，nitration of compound 82 by dilute nitr ic acid gave 
68% of the ara-substituted nitro compound 116 , 14% of 
the 6)厂/A(9-substituted isomer and trace amount o f the d i -
substituted isomer. Reduction of the ;7ara-subst i tuted isomer 
116 by t in and concentrated hydrochloric acid gave 3-isopropyl-
a n i s i d i n e 117 in 75% y ie ld . [Proton N M R ( N M R - 4 4 ) 
51.18(d，J=6.9Hz，6H)， 3 . 2 6 ( s e p t e t , J = 6 . 9 H z , l H ) , 3 . 76 ( s ,3H) , 
6.50(dd,J=2.8,8.5Hz, lH), 6 .60(dJ=2.8Hz, lH) , 6.89(d，J二8.5Hz，lH).] 
Treatment of 117 and a Mannich base hydrochloride (generated 
f rom cyclohexanone, formal in and diethylamine hydrochlor ide) 
in the presence of stannic chlor ide hydrate and concentrated 
hydroch lor ic acid gave the condensed product 1 1 8 in 20% 
4 5 
yield56. Compound 118 forms colorless crystal ( f rom hexanes) 
w i th mp 88.5-89.5。C. The proton N M R spectrum (NMR-45 ) 
shows signals at 51.31 (d, J二6.9Hz’ 6H), 1.84-1.98 (m, 4H), 
2.85(t，J二5.9HZ，2H)，3.01(t,J=:6.1Hz,2H), 3.42(septet ,J=6.9Hz, lH) , 
3.95(s，3H)，7.04(s,lH), 7 .85(s, lH) , 8.45(s, lH). Deprotect ion of 
118 w i th boron t r ibromide gave the alcohol 1 1 9 ， w h i c h was 
oxidized by Fremy's salt^"^ to furnish the ortho-qmnonQ 1 2 0 in 
30% y ie ld . [Proton N M R (NMR-46 ) : S1.19(d，J=6.9Hz，6H)， 
1.82(m,4H), 2 .80(m,2H) , 3 .06(septet ,J=6.9Hz, lH) , 3 .21(m,2H) , 
7.33(s, lH), 8.43(s，lH).] (Scheme X X ) 
Scheme XX 
OMe OMe OMe i 
68% 75% • l ^ T ^ 20% ^ 
NO2 NH^ 
82 116 117 
OMe OH I o 
118 119 120 
a. HNO3, 0。C; b. Sn, conc. HCl; 
c. Cyclohexanone, formalin, Et^NH, H^O，SnCl4，conc. HCI; 
d. BBr3, CH2CI2, 0。C; e. Fremy's salt, H2O, MeOH. 
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VI. Conclusion: 
In the systematic studies of the methanol extract of 
Danshen, a total of seventeen known compounds and nine new 
compounds have been isolated (Scheme VII) . Their structures 
are characterized by the corresponding proton NMR and IR 
spectroscopy. The isolation of compound 7 1 , 7 2 and 7 3 
provides a partial proof of the photo-oxidation of tanshinone I IA 
(2)，cryptotanshinone (4) and (-)-1,2-dihydrotanshinone I (12) 
as proposed by Kusumi^^. 
In order to initiate an in vivo study related to the 
central benzodiazepine receptors assay, three active constituents, 
milt irone (10) , 1,2-didehydro-mil t i rone (33) and 4-methylene-
milt irone (77) have been synthesized with total yields of 6%, 2% 
and 4%, respectively. 
Based on the structure of miltirone (10)，totally eight 
modifications have been performed wi th the aim to study the 
structure-activity relationship of the interaction wi th central 
benzodiazepine receptors. The synthesis of compound 9 6 , 1 0 0 
and 103 with respective modifications on the ring A of miltirone 
( 1 0 ) were aimed at studying the importance of the gem-
dimethy l moiety. Another four modi f ied compounds are 
compound 106，110’ 114 and 115. They were synthesized in 
order to increase the water solubility of miltirone (10). The last 
modified compound is compound 120. I t has a hetero-aromatic 
ring system in place of the benzene ring B in order to examine 
the effect of aromatici ty on the interaction wi th central 
47 
benzodiazepine receptors. 
In fact, the binding activities of these compounds 
toward central benzodiazepine receptors could be retained as 
long as there exists a saturated six-membered ring A. However, 
the introduction of a double bond or a hydroxy group at 
the 2-position of r ing A in milt irone (10) decreases their abi l i ty 
in the replacement of ^ H- f lun i t razepam binding to central 
benzodiazepine receptors. Moreover, no significant effect could 
be observed when the benzene r ing B is replaced by a hetero-
aromatic system (see Table 
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Table TT. Effects on fhP R j — n p ^^ f 
H-ritinitrn?;enam to Central Rpn^nHjazeninP Rprppfnr^^^ 
I C ^ 譲 Stnictiirp I C 。 _ ) 
^ r V H o W o . or u o 
C ^ ^^^^ IS 
T 100 
o o 
c ^ ” c ^ 9 
103 120 
4 9 
VII. Experimental Section: 
Solvents used were pur i f ied by standard procedures. A l l 
evaporation of organic solvents was carried out by a rotary 
evaporator in conjunction wi th a water aspirator. 
Proton N M R spectra were recorded on a Bruker Cryospec W M 
250 (250MHz) spectrometer or a JEOL PMX 60 SI (60MHz) 
spectrometer. The chemical shift (ppm) was measured With 
tetramethyls i lane (TMS) serving as internal standard and 
deuterated ch lo ro fo rm was used as solvent unless stated 
otherwise. Mass spectra were recorded on a V G Micromass 
7070F spectrometer. IR spectra were run on a J AS CO A-100 
Infrared spectrophotometer. Elemental analyses were carried 
out at Shanghai Institute of Organic Chemistry, Academia Sinica, 
China. 
Merck silica gel (60 F254) precoated on aluminum sheet was used 
for TLC studies and Merck silica gel (230-400 mesh) was used 
for column chromatography unless stated otherwise. Mel t ing 
points were measured on a hot-stage microscope and were 
uncorrected. 
Extrac t ion and isolat ion. The f inely cut roots of Salvia 
miltiorrhiza Bunge were extracted w i th methanol at room 
temperature for 2 days. Af ter f i l t ra t ion, the solvent was 
evaporated in vacuo . The residue was subjected to column 
chromatography on silica gel eluted wi th benzene, fo l lowed by 
benzene containing 10% EtOH. The fractions were monitored by 
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TLC. A l l compounds were further purif ied by recrystallization, 
preparative TLC (silica gel) and HPLC, yielding the fo l lowing 
compounds in order of increasing polarity: danshinxinkun B 
(14 )，6,7 ,8 ,9 - te t rahydro- l ,6 ,6 - t r imethy l fu ro [3 ,2 -c ]naphth [2 , l - ^ ] -
o x e p i n e - 1 0 , 1 2 - d i o n e ( 7 1 )， 1，2，6,7，8，9-hexahydro-l，6，6-
tr imethyl furo[3,2-c]naphth[2, l -^]oxepine-10,12-dione (72)， 
t ansh in lac tone (2 8 )，m i l t i r o n e (1 0) , 7p - h y d r o x y - 8 , 1 3 -
a b i e t a d i e n e - l l , 1 2 - d i o n e ( 7 8 ) , 1，2-dihydro-1，6-
dimethyl furo[3,2-c]naphth[2, l -^]oxepine-10,12-dione (73)， 
4-methylene-miltirone (77)， 1,2-didehydro-miltirone (3 3 )， 
Ro 09-0680 (18 )， arucadiol (3 7 )， tanshinone I IA ( 2 ) , 
tanshinone I (1)，(-)-l,2-dihydrotanshinone I (12)，methylene 
tanshinquinone (16)， 1,2-dihydrotanshinquinone (17 )，methy l 
tanshinonate (6)，formyltanshinone (74)， cryptotanshinone (4)， 
methylene dihydrotanshinquinone I (75)， 1,2,5,6-tetrahydro-
tanshinquinone I (76)，salviolone (3 6), nortanshinone (2 6), 
danshenspiroketalactone (21)，sugiol (79) and danshinxinkun 
A (13). Known compounds were identified by comparing their 
spectroscopic properties with literature values. 
6 ,7 ,8 ,9-Tet rahydro- l ,6 ,6- t r imethy l fu ro[3 ,2- i r]naph th-
[2，1•杉]oxepine-10，12-dione (71). Compound 71 forms 
colorless crystals (from hexanes / ethyl acetate) with 
mp 151-152°C ( l i t , mp 137-140°C). MS: m/e (M+) (calcd for 
C19H18O4) 310.1205, (found 310.1205); IR: ( c m ] ) v 2 9 6 1 ， 
2 9 3 4，2 8 6 8，1 7 8 0，1 7 3 7，1 5 3 8，1 4 8 0，1 4 5 8，1 4 1 0，1 2 2 0 , 
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1190’ 1157, 999，957; ^H-NMR (250MHz): 5 1.32 (s, 6H), 
1.10-2.00 (m, 4H), 2,27 (d, J=0.8Hz’ 3H), 2.89 (t, J=6.4Hz, 2H), 
7.32(q，J=0.8Hz，lH), 7.63(s,2H); Anal. Calcd: C,73.53; H, 5.85. 
Found: C, 73.57; H, 5.68. 
l，2，6，7，8，9-Hexahydro-2，6，6-trimethylfuro[3，2-c]naphth-
[2，1-衫]oxepine-10，12-dione (72). Compound 72 forms 
colorless crystals ( f rom hexanes/ethyl acetate), mp 176-178°C. 
MS: m/e (M"^) 312 (C19H20O4); IR: (cm"') v 2962, 2869, 1778， 
1719，1615，1349, 981’ 952; ^H-NMR (250MHz): 8 1.31(s,3H), 
1.33 (s, 3H), 1.35 (d, J=6.8Hz，3H) , 1.60-1.90 (m, 4H), 
3.61(cldq,J=6.8,7.1,9.8Hz, I H ) , 4.20 (dd, J=7.1，9.1Hz, I H ) , 
4.74(dd’J二9.1，9.8Hz，lH)’ 7.60(s,2H); Anal. Calcd: C, 73.06; H, 
6.45. Found: C, 73.06; H, 6.40. 
1，2- Dihydro -1,6- dimethylfuro [3,2-c] naphth [2,l»e]-
oxepine-10,12-dione (73). Compound 73 forms l ight yel low 
crystals (from hexanes/ethyl acetate), mp 152-153°C. MS: mie 
(M+) (calcd for C18H14O4) 294.0892, (found 294.0891); IR: (cm'^) 
V 2967, 2931， 2901， 2872, 1768， 1714， 1603， 1385’ 1220, 1197， 
1166， 1034, 995， 968, 763; ^H-NMR (250MHz) : 
61.41(d,J=6.7Hz,3H), 2.74(s,3H), 3.70(ddq, J=6.7,7.3,10.1Hz, IH ) , 
4.29 (dd, J=7.3,9.1Hz, IH), 4.84 (dd, J=9.1, l O . l H z， I H ) , 
7.40-7.60 (m, 2H), 7.86 (d, J=8.9Hz, IH) , 8.00 (d, J=8.3Hz, IH) , 
8.25(d，J=8.9Hz，lH); Anal. Calcd : C, 73.45; H, 4.80. Found: C, 
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73.08; H, 4.85. 
Formy l tansh inone (74). Compound 74 forms red crystals 
wi th mp 271_273。C (from hexanes/ethyl acetate). MS: mie 
(M+) (calcd for C18H14O4) 290.0579，(found 290.0579); ^H-NMR 
(250MHz): 5 2.35 (d, J= lHz , 3H), 7.40 (d，J= lHz , IH ) , 
7.85(t,J=10Hz, I H ) , 8.00-8.10 (m, 2H), 9.60-9.80 ( m，2 H ) , 
10.35(s，lH). 
Methylene d ihydrotanshinquinone (75). Compound 7 5 
forms red crystals, mp 146-147.5°C ( f rom hexanes/ethyl 
acetate). MS: mIe (M+) (calcd for C18H16O3) 280.1098, 
(found 280.1087); ^H-NMR (250MHz): 5 1.38 (d, J=6.8Hz, 3H), 
1 . 8 0 - 2 . 0 0 ( m , 2 H ) , 2 . 5 0 - 3 . 0 0 ( m , 2 H ) , 3 . 3 2 ( t , J = 6 . 5 H z , 2 H ) , 
3.62(m,2H), 4.39(dd，J=6.3，9.7Hz，lH)，4.91(dd,J=9.2,9.7Hz,lH), 
5.10(s，lH)，5.54(s，lH)，7.52(d，J=8.1Hz，lH)，7.90(d，J=8.1Hz，lH). 
1,2,5,6-Tetrahydrotanshinone I (76). Compound 76 forms 
red crystals wi th mp 142-144°C (from hexanes/ethyl acetate). 
MS: mIe (M+) (calcd for C18H16O3) 280.1100, (found 280.1113); 
'H-NMR (250MHZ): 5 1.38(d，J=6.8Hz，6H)，2.07(d,J=:1.3Hz, 3H)， 
2.26 (m, 2H), 3.38 (t, J=8.0Hz, 2H), 3.62 (ddq, J=6.1,6.8,9.5Hz, IH) , 
4.38 (dd, J=6.1，9.5Hz, IH), 4.91 (t, J=9.5Hz, IH), 6.10 (m, IH) , 
7.43 (d, J二7.9Hz，IH), 7.54(d,J=7.9Hz,lH). 
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4-Methy lene-mi l t i rone (77). Compound 77 forms red 
crystals, mp 137-140°C (from hexanes). MS: m/e (M+) 266 
( C 1 8 H 1 8 O 2 ) ； ' H - N M R ( 2 5 0 M H z ) : 5 1.18(d，J=6.9Hz，6H)， 
1.89(quintetJ=6.4Hz,2H), 2.51(m,2H), 3.04(t，J=6.4Hz，2H)， 
5.06(s，m)， 5.50(s，lH), 7.11(s，lH), 7.13(d,J=8.0Hz,lH), 
7.88(d,J=8.0Hz, IH); Anal. Calcd : C, 81.17; H，6.81. Found: 
C, 80.66; H, 6.76. 
7 p - H y d r o x y - 8 , 1 3 - a b i e t a d i e n e - l l , 1 2 - c l i o n e ( 7 8 ) . 
Compound 78 forms l ight yellow crystals, m.p. 83-84。C (from 
hexanes/ethyl acetate).MS: mIe (M+) (calcd for C20H28O3) 
316.2139，(found 316.2040); IR: ( c m ] ) v 3550, 3545，2961， 
2927，2868, 1645，1627, 1464，1390，1375，1304，1295, 
1275，1240，1059，998，756; ^H-NMR (250MHz): 50.93(s,6H), 
1.00-1.80 ( m ， 7 H ) , 1.11 (d, J=6.9Hz，6H) , 1.37 (s, 3H), 
2.20(dd，J=7.6，14.0Hz， IH), 2.65 (br.d, J=13.1Hz’ IH), 
2.99 (septet of d, J=: l . l ,6.9Hz, IH ) , 3.76 (d, J=2.0Hz, IH ) , 
4.79(ddd,J=2.0,7.6,10.0Hz,lH), 6.36(d,J=l . lHz, lH); Anal. Calcd : 
C，75.91; H, 8.92. Found: C, 75.87; H, 8.83. 
Sugiol (79). Compound 79 forms colorless crystals, 
mp 273-275°C (from hexanes/EtOAc) [lit^^ mp 283-284。C]; MS: 
(M+) 300 (C20H28O2) ； ^H-NMR (250MHz): 5 0.92(s,3H), 
0.95(s，3H), 1.21(d,J=6.9Hz,3H), 1.23(s，3H)，1.24(d，J=6.9Hz，6H)， 
1.22-1.90 ( m ， 6 H ) , 2.24 (m, I H ) , 2.50-2.60 ( m ， 2 H ) , 
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3.26(septetJ=6.9Hz,lH), 6.87(s， lH)，7,81(s,lH), 9.03(br.s，lH); 
' 'C -NMR (63MHz): 5 19.39，21.57，22.54, 22.86, 23.41, 27.24, 
32.61，33.65’ 36.37, 38.47(2C), 42.00, 50.30，110.19, 124.34, 
126.49，133.63，158.61，160.35, 197.50. 
8，13-abietadiene-7，ll，12-trione (80) . To a mixture of 
pyridine (0.3mL), and CxO^ (32mg) was added a solution of 
compound 78 (5mg,0.02mmol) in pyridine (0.3mL). The mixture 
was stirred for six hours. Water (5mL) was added and the 
result ing mixture was extracted w i th EtsO (3X5mL). The 
ethereal extract was washed wi th brine (2X1 OmL), dried over 
N a 2 S 0 4 and evaporated. The residue was purif ied by flash 
chromatography on a sil ica gel column (eluted wi th hexanes 
containing 10% EtOAc) to give 80 as red oil (3mg, 60%); MS: m/e 
(]Vr) (calcd for C20H26O3) 314.1883, (found 314.1880); ^H-NMR 
(250MHz): 5 0.92(s,3H), 0.96(s，3H)，1.12(d,J=6.9Hz,3H), 
1.13(d，J=6.9Hz，3H), 1.39 (s, 3H), 1.00-1.70 (m, 5H) , 
1.79(dd,J=4.3,14.1Hz, I H ) , 2.51 (dd, J=14.1,18.0Hz, I H ) , 
2 .67(dd,J=4.3 ,18.0Hz, lH) , 3.04(septet of d ,J= l . l , 6 . 9 H z , l H ) , 
6 .40(d ,J= l . lHz , lH) . 
Methyl 2-isopropylphenyl ether (82). 2-Isopropylphenol 
(81) (51g, 0.37mol) was mixed with 20% aqueous NaOH (200mL) 
and stirred vigorously for 15 min. Dimethyl sulfate (66.7g, 
0.53mol) was added dropwise within one hour and the flask was 
immersed in an ice bath during the addition. The solution 
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mixture was ref luxed for two hours after the addit ion of 
dimethyl sulfate. Water (200mL) was added to the mixture 
which was followed by EtzO extraction (3X100mL). The ethereal 
solution was washed wi th brine (2X100mL), dried over MgS04 
and evaporated. The residue was dist i l led under reduced 
pressure to give 82 (49g, 87%); bp 46。C (O.SmmHg) [lit^^ 
bp 200OC (745 mmHg)]; MS: mie (M+) 150 (C10H14O); ^H-NMR 
(250MHz): 5 1 . 2 1 ( d J = 6 . 9 H z , 6 H ) , 3 .32(septe t ,J=6.9Hz, I H ) , 
3.82(s，3H)，6.82-6.95(m, 2H), 7.12-7.24(m，2H). 
4 - O x o _ 4 _ ( 3 , _ i s o p r o p y l . 4 , _ m e t h o x y p h e n y l ) b u t y r i c a c i d 
(83) . Succinic anhydride (25g, 0.25mol) and sublimed AICI3 
(34g，0.25mol) were added with stirring to CH2CI2 (200mL) 
under nitrogen. Compound 82 (25g, 0.17mol) was added slowly 
and the result ing mixture was stirred overnight at room 
temperature. The solut ion was then poured into ice-water 
(800mL) and 2N HCl was added until the solution became acidic. 
The mixture was extracted with EtsO (2X500mL). The ethereal 
solution was extracted wi th 25% aqueous NaOH (2X250mL) and 
washed with water (2X250mL). The combined aqueous solution 
was acidified with 10% HCl and was extracted again with CH2CI2 
(3X300mL). The organic extract was washed w i th brine 
(2X500mL), dried over NasSOq, evaporated and recrystall ized 
from absolute EtOH to give colorless needles of 83 (24g, 58%); 
mp 133-134。C; MS: m/e (M+) (calcd for C14H18O4) 250.1204, 
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( found 250.1206); ^H-NMR (250MHz): 51 •26(d，J=6.9Hz，6H)， 
2.80(t,J=6.6Hz,2H), 3.29(t,J=6.6Hz,2H), 3.31(septet，J=6.9Hz，lH)， 
3.90(s，3H)，6.87(d，J=8.5Hz， lH)，7.84(dd’J=2.1，8.5Hz， lH)， 
7.88(d,J=2.1Hz,lH). 
4-(3 ,-Isopropyl_4 ,-methoxyphenyl )butyr ic acid (84). 
Zinc wool (18.5g，0.28mol), HgCl ! (1.5g), conc, HCl (1.5mL) and 
water (40mL) were mixed together with stirring for 5 min. The 
aqueous layer was decanted. Compound 83 (22g, 0.09mol) in 
toluene (60mL) was added, followed by concentrated HCl (50mL) 
and water (30mL). The mixture was refluxed for 24 hours. 
After cooling, water (200mL) was added. The resulting mixture 
was extracted with CH2CI2 (3X100mL). The organic extract was 
washed w i th brine (2X100mL) , dried over N a 2 S 0 4 and 
evaporated. The residue was disti l led to provide 84 (19g， 
95%)； bp I53-I540C (O.SmmHg) [lit^^ mp 122-123°C 
(benzene)]; MS: mIe (M+) 236 (C14H20O3); ^H-NMR: 
( 2 5 0 M H z ) 5 1 . 2 0 ( d , J 二 6.9Hz，6H)， 1 . 93 (qu in te t , J=7 .5Hz ,2H) , 
2.38(t,J=7.5Hz,2H), 2.61(t,J=7.5Hz,2H), 3.28(septet,J=6.9Hz,lH), 
3.80(s，3H)’ 6 . 7 6 ( d ， J = 8 . 2 H z ’ l H )， 6 . 9 6 ( d d , J = 2 . 2 , 8 . 2 H z , I H ) , ‘ 
7.00(d,J=2.2Hz,lH). 
6-Isopropy l-7 .methoxy- l- te t ra lone (67). Compound 8 4 
(13.4g，56.7mol) in CH2CI2 ( lOmL) was added to polyphosphoric 
acid (120g) at 70-80。C and the resulting mixture was heated at 
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70-80OC： for 20 min. Ice-water ( lOOmL) was added to 
decompose the polyphosphoric acid and the mixture was 
extracted wi th ether (3X100mL). The ethereal extract was 
washed with brine (2X50mL), dried over NazSC^ and evaporated. 
The crude product was purif ied by flash chromatography on a 
silica gel column (eluted with hexanes containing 5% EtOAc) to 
give light yellow oily liquid (lOg, 81%) [lit^^ bp 145-
150OC (0.2mmHg)]; MS: mie (M+) 218 (C14H18O2)； ^H-NMR: 
51.19(d,J=6.9Hz,6H), 2.10(quintet,J=6.5Hz,2H), 2.61 (t,J=6.5Hz,2H), 
2.89(t，J二6.5Hz，2H)，3.34(septet,J=6.9Hz,lH), 3.86(s,3H), 7.07(s,lH), 
7.46(s, lH). 
Methyl 4-(l,2,3,4.tetrahydro-4-hydroxy-6-isopropyl-7-
methoxy-l-naphthy l )but-2-enoate (85). A mixture of zinc 
dust (5.8g), methyl 4-bromocrotonate (16.4g), tetralone 67 (lOg, 
45.9mmol) and THF (40mL) was allowed to react with the aid of 
an ultrasonicator for two hours. Then 2N HCl (150mL) was 
added and the mixture was extracted with Et20 (3X100mL). The 
residue was purif ied by flash chromatography twice on a silica 
gel column (eluted with hexanes containing 14% of EtOAc) to 
give l ight yellowish oi ly product 85 ( l l g , 78%); MS: m/e (M+) 
318 (C19H26O4); iH -NMR (250MHz): 51.17 (d, J=6.9Hz，3H), 
1.19(d,J=6.9Hz, 3H), 1.73-2.09 (m, 4H), 2.63-2.79 (m，4H), 
3.25(septet,J=6.9Hz, I H ) , 3.71 (s, 3H), 3.81 (s, 3H), 
5.88(d,J=15.7Hz, I H ) , 6.88 (s, I H ) , 6.99 (s, I H ) , 
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7.03(dt，J 二7.7，15.7Hz,lH). 
Methyl 4 - (6 - isopropyl - 7 - methoxy - 1 -
n a p h t h y l ) b u t a n o a t e (86). A mixture of the ester 85 (6g, 
18.9mmol) and palladium black (340mg) was heated at 
280-300°C for two hours. The mixture was then filtered through 
diatomaceous earth to remove the palladium black. The filtrate 
was evaporated and the residue was purified by flash 
chromatography on a silica gel column (eluted with hexanes 
containing 5% of EtOAc) to give light yellow oily liquid 8 6 
(3.7g,65%); MS: mIe (M+) 300 (C19H24O3); ^H-NMR (250MHz): 
51.30(d,J=6.9Hz,6H), 2.11 (quintet,J=6.5Hz,2H), 2.43(t,J=6.5Hz,2H), 
3.02(t,J=6.5Hz,2H), 3.42(septet,J=6.9Hz,lH), 3.68(s，3H)，3.99(s，3H)， 
7.21-7.31(m，3H)，7.59-7.63(m,2H). 
1，2，3，4 - Tetrahydro - 1,1 • dimethyl - 6 - methoxy - 7-
i sopropyl-phenanthrene (70). To a solution of compound 8 6 
(3.5g，12mmol) in anhydrous EtaO (lOmL) was added 
methylmagnesium iodide (5mL, 1.5M solution in Et�。). The 
mixture was stirred for 3 hours and dilute HCl (lOOmL) was 
added to decompose the excess Grignard reagent. The resulting 
mixture was extracted with Et20 (SXlOOmL). The ethereal 
extract was washed with brine (2X100mL) and was dried over 
Na2S04. After evaporation, crude tertiary alcohol was obtained. 
The alcohol was not purified and was heated with 
polyphosphoric acid (50g) at 60-70。C for 30 minutes. Water 
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(200mL) was added and the mixture was extracted with EtzO 
(3X80mL). The ethereal solution was washed with brine 
(2X100mL), dried over MgS04 and evaporated. The residue was 
purified by flash chromatography on a silica gel column (eluted 
with hexanes) to give 70 which was recrystallized from hexanes 
(3g，79%), mp 83-84°C (lit^' mp 83-85°C); MS: mIe (M+) 282 
(C20H26O); 'H-NMR (250MHZ): 5 1.28(d,J=6.9Hz,6H), 1.34(s,6H), 
1.73 (m，2H), 1.98 (m, 2H), 3.04 (t，J=6.5Hz, 2H), 
3.40(septet,J=6.9Hz, IH), 3.95 (s, 3H), 7.17 (s, IH), 
7.35(dJ=8.5Hz,lH), 7.55(s,lH), 7.57(d,J=8.5Hz,lH). 
Miltirone (10). To a solution of 70 (Ig, 3,5mmol) cooled at 0。C 
in CH2CI2 (lOmL) was added dropwise boron tribromide (2.7g, 
lOmmol). The reaction mixture was stirred at room temperature 
for one hour. Water (5mL) was then added and the mixture was 
extracted with EtsO (3X25mL). The ethereal extract was washed 
with brine (2X50mL), dried over MgS04 and evaporated. The 
residue was purified on a silica gel column (eluted with hexanes 
containing 10% EtOAc) to afford the alcohol 87. Alcohol 87 was 
then dissolved in acetone (200mL) and a solution of Fremy's salt 
(3.5g) in 1/6M aq. KH2PO4 (130mL) and water (180mL) was 
added. The mixture was stirred at room temperature overnight. 
After concentration with rotary evaporator，the mixture was 
extracted with EtaO (SXlOOmL). The ethereal extract was 
washed with brine (2X100mL), dried over MgS04 and 
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evaporated. The residue was purified by flash chromatography 
on a silica gel column (eluted with hexanes containing 1% EtOAc) 
and was followed by recrystallization from hexanes to give 
miltirone (10) (400mg, 40%), mp 99-101。C [lit^ ? mp 100。C]; 
MS: m/e (M") 282 (C19H22O2)； IR: (cm"^) v 2975, 2950, 1680， 
1660，1635，1582，1570，1390，1262, 1213，922; ^H-NMR 
(250MHz): 5 1.16(d,J=6.9Hz,6H), 1.30(s,6H), 1.62-1.82(m,4H), 
2.00 (t, J=6.4Hz, 2H), 3.01 (septet, J=6.9Hz, IH), 7.08 (s, IH), 
7.08(d，J=7.9Hz，lH)，7.60(d,J=7.9Hz,lH); Anal. Calcd: C, 80.81; 
H, 7.85. Found: C, 80.99; H, 7.82. 
1，2，3，4 - Tetrahydro - 1,1 - dimethyl - 6 - methoxy - 7-
i s o p r o p y l . p h e n a n t h r e n - 4 - o n e ( 8 8 ) . A mixture of 
compound 70 (2.2g,7.8mmol), pyridinium chlorochromate 
(8.4g,39mmol) in CH2CI2 (50mL) was stirred for 96 hours at 
room temperature. Then the mixture was made acidic by the 
addition of dilute HCl and was extracted with CH2CI2 (3X100mL). 
The extract was washed with brine (2X100mL), dried over 
M g S 0 4 and evaporated. The residue was purified by flash 
chromatography on a silica gel column (70-230 mesh, eluted 
with hexanes containing 5% EtOAc) to give compound 88，which 
was recrystallized from MeOH as plates (1.8g, 80%), mp 89-91°C; 
MS: m/e (M+) (calcd for C20H24O2) 296.1776, (found 296.1782); 
I H - N M R ( 250MHZ) : 5 1 •29(D，J=6.9Hz，6H)， 1.45(S，6H)， 
2.07(t,J=6.8Hz,2H), 2.84(t，J二 6.8Hz，2H)，3.40(septet，J=6.9Hz，lH)， 
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4.00(s，3H)，7.38(d’J二8.6Hz，lH)，7.55(s,lH), 7.80(d，J二8.6Hz，lH)， 
8.78(s,lH); Anal. Calcd: C, 81.04; H, 8.16. Found: C, 80.99; 
H, 8.17. 
1，2，3，4 - Tetrahydro - 1,1 - dimethyl - 6 - methoxy -7-
i s o p r o p y l - p h e n a n t h r e n - 4 - o l (89). A mixture of sodium 
borohydride (462mg), compound 88 (1.8g, 6.1mmol) in absolute 
EtOH (40mL) was stirred under nitrogen at room temperature 
for one hour. Water was added to decompose the borohydride 
and Et20 was used for extraction (3X70mL). The extract was 
dried over MgSO* and evaporated. The residue was 
recrystallized from hexanes to give 89 as plates (1.5g,82%), mp 
128-130。C; MS: mIe (M+) (calcd for C20H26O2) 298.1933，(found 
298.1957); iH-NMR (250MHz): 5 1.27(s，3H)，1.29(d，J=6.9Hz，6H)， 
I.41 (s, 3H), 1.54-1.65 (m, IH), 1.85(m,lH), 2.07-2.14(m,2H), 
3.41 (septet, J=6.9Hz, IH), 3.99 (s, 3H), 5.38 (br.s, IH), 
7.34(d，J=8.8Hz，lH), 7.52(s,lH), 7.57(s，lH), 7.67(d，J=8.8Hz，lH); 
Anal. Calcd: C, 80.50; H, 8.78. Found: C, 80.49; H, 8.72. 
1，2- Dihydro - 1,1 • dimethyl - 6 - methoxy - 7 • 
isopropyl -phenanthrene (90). A mixture of compound 8 9 
(350mg, 1.17mmol), EtgN (1.2g), methanesulfonyl chloride 
(0.95g) in CH2CI2 (20mL) was stirred under nitrogen at 0。C 
overnight. Saturated NaHCO] (lOOmL) was added and the 
mixture was extracted with EtzO (3X70mL). The ethereal extract 
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was washed with brine (2X50mL), dried over MgS04 and 
evaporated. The residue was purified by flash chromatography 
on a silica gel column (70-230 mesh, eluted with hexanes 
containing 1% EtOAc) to give 90 which was recrystallized from 
methanol (140mg, 42%), mp 80-82。C; MS: mIe (JVT) (calcd for 
C20H24O) 280.1827, (found 280.1832); ^H-NMR (250MHz): 
51.29(d,J=6.9Hz,6H), 1.32(s,6H), 2.32(dd，J二 1.8，4.5Hz,2H)， 
3.39(septet，J=6.9Hz，lH), 3.97(s,3H), 6.14(td，J=4.5，9.9Hz，lH)， 
7.20(td，J:1.8，9.9Hz，lH)，7.33(s,lH), 7.36(d,J=8.8Hz,lH), 7.55(s，lH)， 
7.63(d，J二8.8Hz，lH); Anal. Calcd: C, 85.67; H, 8.63. Found: C, 85.54; 
H, 8.58. 
I , 2 - D i d e h y d r o - m i l t i r o n e (33). Sodium hydride (hexanes 
washed, 103mg) and A^,iV-dimethylformamide (lOmL) were 
placed in a flame-dried flask with stirring. Ethanethiol (133mg) 
was then added dropwise and was followed by compound 9 0 
(125mg, 0.45mmol) in N ,N -dimethylf ormamide (5ml). The 
mixture was heated to 150°C for 3 hours. Dilute sulfuric acid 
(20mL) was added to the mixture and was followed by ether 
extraction (3X20mL). The ethereal extract was washed with 
brine (3X20mL), dried over NazSO* and evaporated. The residue 
was purified by flash chromatography on a silica gel column (70-
230 mesh, eluted with hexanes containing 10% EtOAc) to give the 
alcohol 91 in 77% yield. A solution of 91 (170mg, 0.64mmol) in 
acetone (15mL) was added to a solution of Fremy's salt (527mg) 
and 1/6M aq. KH2PO4 (8mL) in water (25mL) with stirring. The 
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mixture was stirred for four hours. Acetone was evaporated 
under vacuum and water (40mL) was added. The resulting 
mixture was extracted with EtzO (3X50mL). The aqueous layer 
was allowed to stand overnight and was again extracted with 
Et20 (3X50mL). The combined ethereal extract was dried over 
Na2S04 and evaporated. The residue was purified by flash 
chromatography on a silica gel column (70-230 mesh, eluted 
with hexanes containing 5% EtOAc) to provide 33 which was 
recrystallized from hexanes (102mg, 57%), mp 71-75。C [lit^ ^ red 
oil]; MS: m/e (M+) (calcd for C19H20O2) 280.1463，(found 
280.1470); IR: (cm-i)v 2962, 2929, 2873, 1661，1626，1562, 
1466，1427, 1393，1364，1257, 1232，1190，1147, 943, 755; 
IH-NMR (250MHZ): 5 1.17(d,J=6.9Hz,6H), 1.28(s，6H)， 
2.28(dd,J=1.8,4.6Hz,2H), 3.03(m,lH), 6.33(td’J=4.6’10.2Hz，lH)， 
7.08 (d, J=0.8Hz，IH), 7.11 (d，J=7.9Hz, IH), 7.49 (d, J=7.9Hz, IH), 
7.86(td,J=1.8,10.2Hz,IH); Anal, Calcd: C, 81.40; H, 7.19. Found: 
C, 81.21; H, 7.11. 
1，2，3，4 - Tetrahydro - 6 - methoxy - 7 - isopropyl -
p h e n a n t h r e n - l - o n e (92). Compound 86 (Ig, 52mmol) was 
added to 20% alcoholic KOH (5mL) and the mixture was heated 
under reflux for one hour. The reaction mixture was then 
acidified with 10% HCl and was extracted with CH2CI2 (3X50mL). 
The organic extract was evaporated to dryness and was added to 
polyphosphoric acid (15g). The mixture was stirred and heated 
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at 60°C for 30 minutes. The mixture was then allowed to cool 
and ice water (25mL) was added. The resulting mixture was 
extracted with Et�。 (3X50mL) and the ethereal extract was 
washed with brine (2X75mL) and evaporated. The residue was 
chromatographed by flash chromatography on a silica gel column 
(eluted with hexanes containing 20% EtOAc) to give 92 as light 
yellow crystals which was recrystallized from EtOH (520mg, 
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61%), mp 149-151。C; MS: mIe (M+) 268 (C18H20O2)； ^H-NMR 
(250MHz): 51.31(d,J=6.9Hz,6H), 2.30(quinteU=6.5Hz,2H), 
2.73(t，J=6.5Hz，2H)，3.31(t,J=6.5Hz,2H), 3.44(septet,J-6.9Hz,lH), 
3.99(s，3H)， 7.30(s,lH), 7.64(s,lH), 7.68(d,J=8.6Hz,lH), 
8.00(d，J=8.6Hz，lH); Anal. Calcd: C, 80.56; H，7.51. Found: 
C，80.50; H, 7.48. “ 
1,2,3,4 - Tetrahydro - 1 - methylene- 6 - methoxy - 7 -
i sopropy l -phenanthrene (93). A solution of compound 9 2 
(200mg, 0.75mmol) in EtzO (15mL) was added dropwise to 
trimethylsilylmethylmagnesium chloride [prepared by adding 
trimethylsilylmethyl chloride (0.55g, 4.5mmol) to a solution 
containing 1,2-dibromoethane (55mg, 0.29mmol) and 
magnesium (120mg, 5mmol) in EtzO (5mL) under nitrogen]. The 
mixture was refluxed for four hours and was quenched by 
adding sat. aq. NH4CI (20mL). The resulting mixture was 
extracted with EtsO (3X20mL). The ethereal extract was washed 
with brine (2X20mL), dried over Na2S04 and evaporated. The 
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residue was dissolved in THF (3mL) and was added to potassium 
hydride (one spatula) in THF (2mL) under nitrogen. The mixture 
was stirred for one hour. EtOH (two drops) was added and the 
mixture was evaporated. The residue was purified by flash 
chromatography on a silica gel column (eluted with 
hexanes containing 1% EtsN) to afford 93 (120mg, 71%) 
which was further purified by recrystallization from hexanes, 
mp 123-124.5。C; MS: mIe (M+) (calcd for C19H22O) 266.1672, 
(found 266.1676); ^H-NMR (250MHz): 51.30(d,J=6.9Hz,6H), 
2.06(quintet,J=6.2Hz,2H), 2.59(m,2H), 3.15(t，J=6.2Hz，2H)， 
3.41(septet,J=6.9Hz,lH), 3.96(s，3H)， 5.03(s，lH)， 5.54(s,lH), 
7.19(s,lH), 7.57 (s, IH), 7.59 (ABq, J=8.7Hz, 2H); Anal. Calcd: 
C, 85.67; H, 8.33, Found: C,86.08; H，8.45. “ 
4-methylene-miltirone (77). Ethanethiol (0.6mL) was added 
slowly to sodium hydride (0.36g, 50% w/w) in A^,iV-dimethyl-
formamide (2mL) under nitrogen. To this mixture was added 9 3 
(O.lg, 0.4mmol) in A ,^iV-dimethylformamide (3mL). The 
resulting mixture was stirred at 150°C for 2 hours and was 
quenched by addition of sat. aq. NH4CI (30mL). The mixture was 
extracted with CHsCls (3X50mL). The organic extract was washed 
with brine (2X100mL), dried over a mixture of Na2 SO4 and 
NaHCO� and evaporated. The residue was purified by passing 
through a silica gel column (eluted with hexanes containing 10% 
EtOAc and 1% Et^N). The alcohol 94 (86%) obtained was then 
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dissolved in acetone (20mL) and was added to Fremy's salt 
(0.35g, 1.3mmol) in water (30mL). The mixture was stirred at 
room temperature for 3 hours, after which acetone was removed 
by evaporation. The residue was extracted with EtzO (3X50mL). 
The organic extract was washed with brine (2X100mL), dried 
over a mixture of Na^SOj and NaHCO�，and was evaporated. The 
residue was purified by flash chromatography, on a silica gel 
column (eluted with hexanes containing 10% EtOAc and 1% EtgN) 
and recrystallized from hexanes to give 77 (50mg, 50%) as 
red crystals; mp 137-140。C; MS: mIe (M^) (calcd for CisHisO:) 
266.1307，(found 266.1301); IR: (cm-^) v2958, 2931, 2870, 
1657，1630, 1554， 1425， 1389，1331， 1259，1225, 1015，845， 
913， 893; iH-NMR (250MHz): 51.18(d,J=6.9Hz,6H), 
1.89(quintet,J=6.4Hz,2H), 2.51(m，2H)，3.04(septet,J=6.9Hz,lH), 
3.28(t，J=6.4Hz’2H)， 5.06(s，lH)， 5.50(s,lH), 7.10(s,lH), 
7.12(d,J=8.0Hz,lH), 7.85(d，J=8.0Hz，lH); Anal. Calcd: C, 81.17; H, 
6.81. Found: C, 80.66; H，6.76. 
3 , 4 - D i h y d r o - 6 - h y d r o x y -7 - i s o p r o p y l - p h e n a n t h r en-1(2/^)-
one (95). Compound 92 (Ig, 3.7mmol) was mixed with 
pyridine hydrochloride (50g, 0.43mol) under nitrogen. The 
mixture was heated at 200-220°C for 3 hours. After cooling, 
water (50mL) was added and the mixture was extracted with 
CH2CI2 (3X75mL), and the organic extract was washed with brine 
(2X100mL), dried over Na2S04and evaporated. The residue was 
chromatographed on a silica gel column (eluted with hexanes 
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containing 20% EtOAc) to afford 95 which was recrystallized 
from absolute EtOH to give colorless crystals (0.76g, 80%), 
mp 228-230。C; MS: m/e (M+) 254 (CNHISO�)； "H-NMR (250MHZ): 
5 1.37(d’J=6.9Hz，6H)，2.27(quintet,J=6.4Hz,2H), 2.42(t,J=6.4Hz,2H), 
3.24(t，J=6.4Hz，2H), 3.38(septet,J=6.9Hz,lH), 5.36(s，lH)，7.36(s,lH), 
7.65(s，lH)，7.66(d,J=8.6Hz,lH), 7.96(d，J=8.6Hz，lH). Compound 9 5 
was used directly in the following steps without further 
purification. 
3，4 - Dihydro - 7- isopropyl _ phenanthrene - 1(2丑），5，6_ 
trione (96). A solution of the Fremy's salt (2.5g) in HoO 
(126mL) and 1/6M aq. KH2PO4 (91mL) was added to a solution 
of 95 (0.76g, 3.0mol) in acetone (140mL). The mixture was 
stirred at room temperature for 24 hours. After removal of 
acetone, the residue was extracted with Et�。(SXlOOmL) and the 
ethereal extract was washed with brine (2X100mL), dried over 
MgS04 and evaporated. The residue was chromatographed on a 
silica gel column (eluted with hexanes containing 20% EtOAc) to 
give 96 which was recrystallized from absolute EtzO to 
afford red crystals (0.32g, 32%), mp 186-188°C; MS: mIe 
(M+) (calcd for C17H16O3) 268.1100，(found 268.1100); IR: {cm^) 
V 2968, 2937，2876, 1679，1658，1576, 1428, 1385，1330，1259, 
1227，1026, 918，845; ^H-NMR (250 MHz): 5 1.20(d,J=6.9Hz,6H), 
2.14 (quintet, J=6.4Hz, 2H), 2.69 (t, J=6.4Hz, 2H), 
3.07(septetJ = 6.9Hz,lH) 3.46(t,J=6.9Hz,2H), 7.17(s,lH), 
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7.31(d，J 二7.9Hz，lH)，8.33(d，J=7.9Hz’lH); Anal. Calcd: C, 76.10; 
H, 6.01. Found: C, 76.07; H, 5.99. 
1，2，3，4 - Tetrahydro • 1 - hydroxy - 1 - methyl - 6 -
methoxy - 7 - i sopropyl - phenanthrene (97). To a 
stirred solution of 92 (0.2g, 0.75mmol) in anhydrous EtzO 
(20mL) at 0°C under nitrogen was added slowly 
methylmagnesium iodide (ImL, O.IM solution in Et�。）via a 
syringe. The resulting solution was stirred at 0°C for 4 hours. 
Ice water (20mL) was added. The mixture was extracted with 
CH2CI2 (3X25mL). The organic extract was washed with brine 
(2X50mL), dried over anhydrous NaaSOq and evaporated. The 
residue was chromatographed on a silica gel column (eluted with 
hexanes containing 15% EtOAc) to give 97 which was 
recrystallized from CCI4 to give colorless crystals (0.15g, 70%), 
mp 122.5-123.5。C; MS: mIe (M+) (calcd for C19H24O2) 284.1777, 
(found 284.1780); ^H-NMR (250MHZ) : 5 1.30(d，J=6.8Hz，6H)， 
I.62 (s, 3H), 1.92-2.11 (m, 4H), 3.07 (br.t, J=5.9Hz，2H), 
3.45(septet, J 二 6.8Hz，IH), 3.95 (s, 3H), 7.16 (s， IH), 
7.57-7.66(m,3H); Anal. Calcd: C，80.24; H, 8.51. Found: C，80.07; 
H, 8.50. 
1-Me thy l - 6 - m e t h o x y - 7 - i s o p r o p y l - p h e n a n t h r e n e ( 101) . 
To a solution of 97 (63mg, 0.2mmol) in acetic anhydride (6mL) 
was added p-toluenesulfonic acid (71mg) and the resulting 
mixture was stirred at room temperature for 2 hours. Water 
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(20mL) was added and was subjected to EtaO extraction 
(3X25mL). The ethereal extract was washed with brine 
(2X25mL), dried over MgSOq and evaporated. The residue was 
chromatographed on a silica gel column (eluted with 
hexanes) to afford compound 101 as colorless solid (15mg, 
26%). iH-NMR (250MHz): 5 1.38(d,J=6.8Hz,6H), 2.78(s，3H)， 
3.50(septet，J:6.8Hz，lH)， 4.08(s,3H), 7.40(d，J=8.5Hz，lH)， 
7.50(t，J = 8.5Hz，lH)， 7.69(s，lH)， 7.72(d，J=10.0Hz，lH)， 
7.82(d，J=10.0Hz，lH)，8.00(s，lH)，8.50(d,J=8.5Hz,lH). 
3， 4 - Dihydro - 1 - methyl • 6 - methoxy - 7 -
isopropyl -phenanthrene (98). A mixture of 97 (lOOmg, 
0.35mmol), Et^N (356mg), methanesulfonyl chloride (302mg) in 
CH2CI2 (5mL) was stirred under nitrogen at 0°C for 4 hours. 
Saturated NaHCOg (lOmL) was added. The mixture was 
extracted with Et20 (3X25mL). The ethereal extract was washed 
with brine (2X50mL), dried over Na^SCU/NaHCOs and 
evaporated. The residue was chromatographed on a silica gel 
column (230-400 mesh, eluted with hexanes containing 1% Et^N) 
to give 98 which was recrystallized from hexanes to afford 
colorless crystals (83.8mg, 90%), mp 105-107°C; MS: m/e (M+) 
(calcd for C19H22O) 266.1672, (found 266.1670); ^H-NMR 
(250MHz): 6 1.30 (d，J=6.9Hz, 6H), 2.14 (d，J=1.3Hz, 3H), 
2.30-250(m,2H), 3.1 l(t，J=8.5Hz，2H)，3.40(septet，J二 6.9Hz，lH)， 
3.96(s,3H), 5.91(br.s，lH)，7.24(s,lH), 7.33(d，J=8.5Hz，lH)， 
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7.57(s，lH), 7.61(d，J二8.5Hz，lH); Anal. Calcd: C，85.67; H，8.32. 
Found: C, 85.65; H, 8.32. 
3，4 - D i h y d r o _ 1 - methyl - 7 - i sopropyl -
phenanthrene - 5,6 - dione (100). Sodium hydride 
(hexanes washed, 0.36g) and A^,A^-dimethylformamide 
(2mL) were placed in a flame-dried flask with stirring 
under nitrogen. Ethanethiol (0.47mg, 7.6mmol) was then 
added dropwise and was followed by 98 (O.lg, 0.38mmol) in 
N-dimethylformamide (ImL). The mixture was heated to 
150。C for 2 hours. Sat. aq. NH4CI solution (25mL) was added to 
the mixture and was followed by CH2CI2 extraction (3X50mL). 
The organic layer was washed with brine (2X50mL)，dried over 
Na2S04/NaHC03 and evaporated. The resulting alcohol 99 was 
dissolved in acetone (20mL), and a solution of Fremy's salt 
(0.35g) in water (30mL) was added. The mixture was stirred for 
4 hours. Acetone was evaporated under vacuum and the 
resulting solution was extracted with EtaO (3X25mL). The 
ethereal extract was washed with brine (2X50mL), dried over 
Na2S04/NaHC03 and evaporated. The residue was purified by 
flash chromatography on a silica gel column (eluted with 
hexanes containing 10% EtOAc and 1% Et3N), to provide 10 0 
which was recrystallized from hexanes (24mg, 24%) as red 
crystals, mp 134-135。C; MS: m/e (M+) (calcd for CigHisO?) 
266.1307, (found 266.1360); IR: (cm]) v 2963，2932, 2874, 
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1727， 1660， 1464， 1258， 1006， 943; ^ H-NMR: 
51.17(d’J = 6.9Hz，6H)， 2.06(d,J=l .6Hz,3H), 2.24(m,2H), 
3.04(septet’J=6.9Hz，lH)， 3.34(t,J = 8.0Hz,2H), 6.04(m，lH)， 
7.19(s，lH)，7.13(d,J=7.9Hz,lH), 7.39(d，J=7.9Hz，lH) ； Anal. Calcd: 
C，81.17; H, 6.81. Found: C, 81.31; H, 6.65. 
1，2，3，4 - Tetrahydro - 6 - methoxy - 7 - isopropyl -
phenanthrene (102). Mossy zinc (0.4g, 6.1mmol) and HgCl? 
(40mg，O.lSmmol) were added to dilute HCl (0.1 mL conc. HCl in 
2mL H2O) with stirring. The mixture was stirred for 10 min and 
dilute HCl was decanted. A solution of 92 (0.2g, 0.75mmol) in 
toluene (ImL) was added, followed by aq. HCl (1.2mL conc. HCl 
in 0.5mL H2O). The reaction mixture was refluxed overnight. 
When the reaction mixture was cooled to room temperature, cold 
water (25mL) was added. The mixture was extracted with Et20 
(3X25mL). The combined ethereal extract was washed with 
brine (2X50mL), dried over anhydrous Na2S04 and evaporated. 
The residue was purified by flash chromatography on a silica gel 
column (eluted with hexanes) to furnish 102 as colorless 
crystals (114mg，60%), mp 105-106^C (from hexanes); MS: m/e 
(M+) (calcd for C18H22O) 254.1672, (found 254.1678); ^H-NMR 
(250MHz): 5 1.29(d,J = 6.9Hz,6H), 1.81-2.02(m,4H), 
2.89(t,J=6.0Hz,2H), 3.03(t,J=6.2Hz,2H), 3.40(septet,J=6.9Hz,lH), 
3.95(s，3H)，7.05(d，J=8.3Hz，lH)，7.14(s,lH), 7.51(d，J=8.3Hz，lH)， 
7.55(s，lH); Anal. Calcd: C, 84.99; H, 8.72. Found: C, 85.01; H, 8.70. 
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1，2，3，4- Tetrahydro -7- isopropyl- phenanthrene -5,6-
dione (103). To a stirred solution of 102 (0.1g,0.39mmol) in 
CH2CI2 (5mL) cooled at 0°C under nitrogen, was added boron 
tribromide (0.1 ImL) slowly via a syringe. The reaction mixture 
was stirred at 0°C for 2 hours. Ice water (20mL) was added. 
The resulting mixture was extracted with CH2CI2 (3X5mL). The 
combined extract was washed with brine (2X50mL), dried over 
anhydrous Na2S04 and evaporated. The residue was dissolved in 
acetone (20mL), and a solution of the Fremy's salt (350mg) in 
H2O and 1/6M aq. KH2PO4 (13mL) was added. The solution was 
stirred at room temperature overnight. The mixture was 
concentrated under vacuum to remove acetone and the residue 
was extracted with EtsO (3X50mL). The ethereal extract was 
washed with brine (2X50mL), dried over anhydrous NaaSO* and 
evaporated. The residue was purified by flash chromatography 
on a silica gel column (eluted with hexanes containing 10% 
EtOAc) to furnish compound 103 as red crystals (62mg, 
62%), mp 92-940C (from hexanes); MS: mIe ( M + ) 254 
(C17H18O2)； IR: (cm-i)v 2934, 2872, 1681，1659，1628，1582， 
1565，1462，1386，1326，1296, 933’ 915; ^ H-NMR (250MHz): 
S1.17(d，J=6.9Hz，6H)，1,76-1.80(m,4H), 2.80(t,J=5.4Hz,2H), 
3.02(septet，J=6.9Hz，lH)，3.19(t，J=5.5Hz，2H)，7.05(d,J=7.7Hz,lH), 
7.08(s,lH), 7.29(d，J=7.7Hz，lH); Anal. Calcd: C, 80.28; H，7.13. 
Found: C, 80.46; H, 7.20. 
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3 , 4 - D i h y d r o - 6 . b e n z y l o x y - 7 - i s o p r o p y l - p h e n a n t h r e n -
1(2丑）-one (104). To a stirred solution of 95 (300mg, 
1.2mmol) in acetone (15mL) was added anhydrous K2CO3 (1.6g). 
The mixture was stirred at room temperature for half an hour. 
Benzyl bromide (0.2mL) was added and the mixture was further 
stirred for 20 hours. Then the mixture was filtered through a 
layer of diatomaceous earth and the residue was washed with 
CH2CI2. The filtrate was evaporated and the residue was 
recrystallized from EtOAc to give light yellow crystals (420mg, 
98%)，mp I55-I570C’ MS: mIe (M + ) 344 (C24H24O2)； ^H-NMR: 
(250MHz) 5 1.35(cl,J=6.9Hz,6H), 2.28(quintet,J=6.5Hz,2H) 
2.72(t，J=6.5Hz，2H)，3.27(t,J=6.5Hz,2H), 3.53(septet,J=6.9Hz,lH), 
5.25(s,2H), 7.36-7.55(m，6H)，7.67(d,J=8.6Hz,lH), 7.67(s,lH), 
7.98(d,J=8.6Hz,lH); Anal. Calcd: C, 83.68; H, 7.03. Found: C, 
84.17; H, 6.87. 
1，2，3，4 - Tetrahydro - 1 - hydroxy - 1 - methyl - 6 -
benzyloxy - 7 - isopropyl - phenanthrene (105). To a 
stirred solution of compound 104 (Ig, 2.9mmol) in benzene 
(5mL) and EtzO (lOmL) cooled at 0°C was added slowly 
methylmagnesium iodide (ImL, 3.0M in ether) via a syringe. 
The mixture was stirred at 0°C for 4 hours. Sat. aq. NH4CI 
solution (lOmL) was added and the mixture was extracted with 
CH2CI2 (3X25mL). The organic extract was washed with brine 
(2X50mL), dried over Na2S04 and evaporated. The residue was 
purified by flash chromatography on a silica gel column (eluted 
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with hexanes contained 25% EtOAc) to afford 105 (870mg, 81%) 
as colorless crystals, mp. 111-113°C, MS: mIe (M + ) 360 
(C25H28O2)； ‘ H-NMR (250MHz): 5 1.32(d，J=6.9Hz，3H)， 
1.33(d,J=6.9Hz, 3H), 1.62 (s, 3H), 1.92-2.10 (m, 4H), 
3.00-3.04 (m, 2H), 3.51 (septet, J=6.9Hz, IH), 5.22 (s, IH), 
7.31-7.67(m,9H); Anal. Calcd: C，83.29; H, 7.83. Found: C, 83.29; 
H, 7.87. 
广 
1，2，3，4 - Tetrahydro _ 1 - hydroxy - 1 _ methyl - 7 -
isopropyl - phenanthrene - 5,6 - dione (106). A stirred 
solution of compound 105 (lOOmg, 0.28mmol) in MeOH (2mL) 
was hydrogenated over 5% Pd/C at atmospheric pressure 
for 4 hours. The mixture was filtered through a layer of 
diatomaceous earth to remove the catalyst. The filtrate was 
evaporated and the residue was dissolved in acetone (20mL). A 
solution of Fremy's salt (350mg) in Na0H/KH2P04 buffer (30mL, 
pH 7) was added and the solution was stirred at room 
temperature for 36 hours. The mixture was then evaporated to 
remove acetone and the residue was extracted with Et^O 
(3X30mL). The ethereal layer was washed with brine (2X50mL), 
dried over Na2S 0 4 and evaporated. The residue was 
chromatrographed on a silica gel column (eluted with hexanes 
containing 25% EtOAc) to give 106 as red crystals (37mg, 37%), 
mp 142-142。C (from Et20/hexanes), MS: mIe (M+) 284 
(C18H20O3); IR: (cm-i)v 3384, 2964, 2938，2873, 1674，1657， 
1628，1581，1566，1463，1422，1390，1332, 1259，946，755; 
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iH-NMR (250MHz): 5 1.17 (d’ J=6.8Hz，6H), 1.54 (s，3H), 
1.75-2.04 (m，5H), 3.02 (septet, J=6.8Hz, IH)，3.12-3.32 (m，2H), 
7.09 (s, IH), 7.19(d，J=7.9Hz，lH)，7.92(d’J=7.9Hz，lH); Anal. Calcd: 
C, 76.03; H, 7.09. Found: C, 75.64; H, 7.03. 
1 • Methyl - 3,4 - dihydro - 6 - benzyloxy - 7 -
i sopropyl -phenanthrene (107). A mixture of compound 
105 (lOOmg, 28mmol), EtgN (356mg), methanesulfonyl chloride 
(302mg) in CH2CI2 (5mL) was stirred under nitrogen at 0°C 
for 4 hours. Saturated NaHCO] (lOmL) was added and the 
mixture was extracted with EtaO (3X25mL). The ethereal extract 
was washed with brine (2X50mL), dried over Na2S04/NaHC03 
and evaporated. The residue was purified by flash 
chromatography on a silica gel column (eluted with hexanes 
containing 1% EtOAc) to give colorless crystals of 107 (80mg, 
85%)，mp 84-85。C (from hexanes); MS: m/e (M+) 342 (C25H26O); 
iH-NMR: (250MHz) 5 1.33(d,J=6.9Hz,6H), 2.14(d，J=1.5Hz，3H)， 
2.37(m,2H), 3.09(t,J=7.5Hz,2H), 3.50(septet,J=6.9Hz,lH), 
5.23(s,2H), 5.91(m,lH), 7.32-7.64(m,9H); Anal. Calcd: C, 87.67; 
H, 7.66. Found: C, 87.63; H, 7.69. 
1，2，3，4 - Tetrahydro - trans - 1,2 - dihydroxy - 1 -
methyl - 6 - benzyloxy - 7 - isopropyl - phenanthrene 
(108). To a stirred solution of compound 107 (lOOmg, 
29mmol) in THF (2mL) was added magnesium 
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monoperoxyphthalic acid (300mg) in H2O (ImL) and THF (2mL). 
The solution was stirred at room temperature for 4 hours. The 
solution was evaporated to remove THF and the residue was 
extracted with CH2CI2 (3X10mL). The organic extract was 
washed with brine (2X25mL), dried over NasSO* and evaporated. 
The residue was purified by flash chromatrography on a silica 
gel column (eluted with hexanes containing 50% EtOAc) to 
furnish 108 as colorless solid (69mg, 63%), mp 148-149°C (form 
Et20); MS: mIe (M + ) 376 (C25H28O3); ^H-NMR (250MHz): 
51.32(d,J=6.9Hz, 3H), 1.33 (d, J=6.9Hz，3H), 1.51 (s, 3H), 
1.59-2.07 (m， IH ) , 2.25-2.35 (m, IH ) , 
3.09(ddd,J=6.7,11.0,17.5Hz,IH), 3.26 (br.dd, J=6.0,17.5Hz, IH), 
3.51(septet,J=6.9Hz,lH), 3.99(dd,J=3.8,12.2Hz,lH), 5.22(s,2H), 
7.20(s,lH), 7.31-7.70(m，8H). 
1 , 2 , 3 , 4 - T e t r a h y d r o - 1 , 2 - d i h y d r o x y - l - m e t h y l - 7 -
i s o p r o p y l - p h e n a n t h r e n e - 5 , 6 - d i o n e ( 1 1 0 ) . A stirred 
solution of compound 108 (lOOmg, 0.27mmol) in MeOH (2mL) 
was hydrogenated over 5% Pd-C at atmospheric pressure for 4 
hours. The mixture was filtered through a layer of diatomaceous 
earth to remove the catalyst. The filtrate was evaporated and 
the residue was dissolved in acetone (20mL). A solution of 
Fremy's salt (350mg) in Na0H/KH2P04 buffer (30mL, pH 7) was 
added and the solution was stirred at room temperature for 36 
hours. The mixture was then evaporated to remove acetone and 
the residue was extracted with Et�。(3X30mL). The ethereal 
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layer was washed with brine (2X50mL), dried over Na^SO* and 
evaporated. The residue was chromatographed on a silica gel 
column (eluted with hexanes containing 50% EtOAc) to give 110 
as orange crystals (50mg, 63%), mp 90。C (decomposed); MS: 
(M+) 300 (C18H20O4); IR: (cm-i) v 3443，3417，3408，2963， 
2875， 1656， 1566， 1462，1260， 1103, 1056, 1032，941， 
755; 1 H-NMR (250MHZ): 5 1.16 (d, J=6 .9Hz，3H) , 
1.17(d,J=6.9Hz,3H), 1.45(s,3H), 1.74-1.91(m,lH), 2.17-2.23(m,lH), 
3.02(septet, J=6.9Hz, IH), 3.20 (ddd, J=7.3,ll.l,20.2Hz, IH), 
3.52(cidd,J=1.7,6.7,20.2Hz,lH), 3.93(dd,J=4.0,12.3Hz,lH), 
7.10(s，lH)，7.22(d,J=7.9Hz,lH), 7.93(d,J=7.9Hz,lH); Anal. Calcd: 
C，71.98; H, 6.71. Found: C, 71.76; H, 6.65. 
1，2，3，4 - Tetrahydro -cis -1,2 - dihydroxy - 1 - methyl • 
6 - b e n z y l o x y - 7 - i s o p r o p y l - p h e n a n t h r e n e ( 1 1 1 ) . To a 
stirred solution of compound 107 (120mg, 0.35mmol) in THF 
(1.3mL), tBuOH (4.3mL) and water (0.4mL) was added N -methyl 
morpholine N -oxide (64mg) under nitrogen. Then, OSO4 (37mL, 
2.5wt% in ^BuOH) was added and the solution was stirred at room 
temperature until the decoloration of the osmium complexes. A 
slurry of dilute aq. NazSO] and talc (magnesium silicate or 
magnesol) was added and the mixture was stirred for one hour. 
Then the mixture was filtered and the filtrate was extracted 
with CH2CI2 (3X25mL). The organic extract was washed with 
brine (2X50mL), dried over Na2S04 and evaporated. The residue 
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was purified by flash chromatrography on a silica gel column 
(eluted with hexanes containing 33% EtOAc) to afford colorless 
solid (99mg, 75%), mp 128-131°C (from Et20); MS: mIe (M+) 
376 (C25H28O3); 1 H-NMR (250MHz): 5 1.32(d,J=6.9Hz,3H), 
1.38(d,J=6.9Hz,3H), 1.34(s,3H), 2.12-2.20(m,2H), 2.45(br.s,lH), 
2.75(br.s,lH), 2.99(dt，J二5.6，17.2Hz，lH)，3.17(dt,J=7.6,17.2Hz,lH), 
3.51(septet,J=6.9Hz,lH), 3.89(dd,J=3.5,5.4Hz,lH), 5.21(s,2H), 
7.23(s，lH)，7.30-7.67(m,8H); Anal. Calcd: C, 79.75; H, 7.50. 
Found: C, 79.04; H, 7.50. 
1，2，3，4- Tetrahydro -cis-l,!- dihydroxy -1- methyl -7-
i s o p r o p y l - p h e n a n t h r e n e - 5 , 6 - d i o n e (114) and 1 ,2 ,3 ,4 -
tetrahydro -1- methyl -2- hydroxy -7- i sopropyl -
p h e n a n t h r e n e - 5 , 6 - d i o n e (115) . General procedure: A 
solution of compound 111 (lOOmg, 0.27mmol) in MeOH (2mL) 
was hydrogenated over 5% Pd-C at atmospheric pressure for a 
period of time. The mixture was filtered through a layer of 
diatomaceous earth to remove the catalyst. The filtrate was 
evaporated and the residue was dissolved in acetone (20mL). A 
solution of Fremy's salt (350mg) in NaOH/KHaPO* buffer (30mL, 
pH 7) was added and the solution was stirred at room 
temperature for 36 hours. The mixture was then evaporated to 
remove acetone and the residue was extracted with E t � 。 
(3X30mL). The ethereal layer was washed with brine (2X50mL), 
dried over Na2S O 4 and evaporated. The residue was 
chromatographed on a silica gel column (eluted with hexanes 
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containing 15% EtOAc) to give compound 114 and compound 
115. Compound 114 forms red crystals with mp 42-45°C (from 
hexanes/EtOAc); MS: m/e (M+) (calcd for C18H20O4) 300.1462， 
(found 300.1464); IR： (cm-^) v 3454, 3438’ 2962, 2930, 2873, 
1660，1630，1582，1567，1463，1424, 1388，1260，1133，1054， 
944, 757; iH-NMR (250MHz): 51.16(d,J=6.9Hz,6H), 1.48(s，3H)， 
1.73-2.23 (m, 2H), 3.01 (septet, J=6.9Hz, IH) , 
3.30(dd,J=5.1,8.3Hz,2H), 3.96(dd,J=2.0,5.3Hz,lH), 7.10(s,lH), 
7.20(d,J=7.9Hz,lH), 8.97(d,J=7.9Hz,lH). Compound 115 forms 
orange crystals (from hexanes/EtsO), mp 124-126°C; MS: m/e 
(M+) (calcd for C18H20O3) 284.1413, (found 284.1418); IR: (cm]) 
V3500，3011，2972，1681，1651, 1628，1581，1566，1464，1425, 
1319， 1287， 1020, 941, 761; ^H-NMR (250MHz): 
51.16(d,J=6.9Hz,6H), 1.31 (d, J=7.1Hz, 3H), 1.92-2.00 (m, 2H), 
2.97-3.09 (m, 3H), 3.17 (dt, J=7.9,19.9Hz, IH) , 
3.49(dt,J=5.7,19.9Hz,lH), 4.10(m，lH), 7.09(d,J=0.5Hz,lH), 
7.13(d，J=7.8Hz，lH)，7.42(d,J=7.8Hz,lH). 
Entry 1: Compound 111 was hydrogenated for 1 hour to 
furnish 114 (36mg, 45%) and 115 (4mg, 6%). 
Entry 2: Compound 1 1 1 was hydrogenated for 1.5 hours to 
furnish 114 (27mg, 34%) and 115 (15mg, 20%). 
Entry 3: Compound 111 was hydrogenated for 4 hours to 
furnish 114 (9mg, 11%) and 115 (30mg, 40%). 
Entry 4: Compound 111 was hydrogenated for 24 hours to 
furnish 114 (<4mg, <5%) and 115 (37mg, 49%). 
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2 - I s o p r o p y l - 4 - n i t r o - a n i s o l e (116) . To compound 82 (Ig, 
6.67mmol) at 0°C under stirring, was added slowly 50% aq. 
HNO3 (1.7mL). The mixture was stirred at 0。C for 1 hour. Ice 
water (50mL) was added. The mixture was extracted with 
CH2CI2 (3X50mL). The organic extract was washed with brine 
(2X50mL), dried over anhydrous Na2S04 and evaporated. The 
residue was purified by flash chromatography on a silica gel 
column (eluted with hexanes containing 1% EtOAc) to give 116 
(0.89g，68%) as a colorless liquid (lit.^^ bpl47-8。C) MS: m/e (M+) 
195 (C10H13NO3); 1 H-NMR (250MHz): 5 1.24(d,J=6.9Hz,6H), 
3.33(septet，J二 6.9Hz，lH)， 3.94(s,3H), 6.89(m,lH), 8.10(m,2H); 
13C-NMR (250MHz): 5 22.30(2C), 27.14, 56.05, 109.95，122.21, 
123.33, 138.47，141.94, 162.03. 
3 . i s o p r o p y l - a n i s i d i n e (117) . To a mixture of 1 1 6 (l.Og, 
S.lmmol) and tin (2g, 16.9mmol) was added conc. HCl (lOmL). 
The mixture was heated at 100°C until all 116 dissolved. After 
cooling to room temperature, aq. NaOH (10%) was added slowly 
until a clear solution was obtained. The solution was then 
extracted with EtsO (3X100mL). The ethereal extract was 
washed with brine (2X100mL), dried over Na2S O4 and 
evaporated. The residue was chromatographed on a silica gel 
column (eluted with hexanes containing 10% EtOAc) to give 117 
(0.63g, 75%) as colorless oil, MS: mIe (M+) 165 (C10H15NO); ^H-
NMR (250MHz): 6 1.18(d，J=6.9Hz，6H)，3.26(septet,J=6.9Hz,lH), 
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3.76(s，3H)，6.50(dd，J=2.8，8.5Hz，lH)，6.60(d，J二2.8Hz，1H), 
6.89(d，J:8.5Hz，lH). The product was rather unstable and was 
used in the next reaction without further purification. 
2 - Methoxy - 3 - isopropyl - 7,8,9,10 - tetrahydro • 
p h e n a n t h r i d i n e (118). To a solution of cyclohexanone 
(1.5mL, in excess) in EtzNH (ImL) was added formalin (37-41%, 
0.6niL) in aqueous HCl (32%, ImL). The mixture was refluxed 
for 5 min. Compound 117 (1.5g, 9mmol) in aqueous HCl (32%, 
0.5mL) was added, followed by SnCl4.5H20 (0.35g，). The mixture 
was refluxed overnight. Aqueous NaOH was added slowly until 
all white precipitate dissolved. Then the mixture was extracted 
with Et20 (3X100ml). The ethereal extract was washed with 
brine (2X100mL), dried over Na2S04 and evaporated. The 
residue was purified by flash chromatography on a silica gel 
column (eluted with hexanes containing 10% EtOAc) to furnish 
colorless crystals (0.46g, 20%), mp 88.5-89.5X (from hexanes); 
MS: mIe (M+) (calcd for C17H21NO) 255.1624，(found 255,1630); 
iH-NMR (250MHz): 51.3 l(d,J=6.9Hz,6H), 1.84-1.98(m,4H), 
2.85(tJ=:5.9Hz,2H), 3.01(t，J=6.1Hz，2H), 3.42(septet,J=6.9Hz,lH), 
3.95(s，3H)， 7.04(s,lH), 7.85(s,lH)， 8.45(s，lH); Anal. Calcd: 
C，79.96; H, 8.29; N, 5.30. Found: C, 79.82; H, 8.34; N, 5.30. 
3- Isopropyl -7,8,9,10-tetrahydro - phenanthridine -1,2-
dione (120). To a stirred solution of 118 (lOOmg, 0.4mmol) in 
CH2CI2 (5mL) cooled at 0。C was added boron tribromide (O.lmL) 
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slowly via a syringe. The solution was stirred at 0°C for 2 hours. 
Ice water (lOmL) was added, and the mixture was extracted 
with CH2CI2 (3X25mL). The combined extract was washed with 
brine (2X50mL), dried over Na2S04 and evaporated. The residue 
was dissolved in MeOH (lOmL). A solution of Fremy's salt 
(lOOmg) in water (18ml) and 1/6M aq. KH2PO4 (13mL) was 
added. The solution was stirred at room temperature overnight. 
After that it was extracted with CH2CI2 (3X25mL). The combined 
extract was washed with brine (2X50mL), dried over NazSO* and 
evaporated. The residue was chromatographed on a silica gel 
column (eluted with hexanes containing 25% EtOAc) to furnish 
120 as red solid (9mg, 30%), mp 131-142。C (from hexanes), MS: 
m " (M+) (calcd for C16H17NO2) 255.1260, (found 255.1262); IR： 
(cm-i) V 2961, 2936，2871, 1672, 1546，1459; ^H-NMR (250MHz): 
5 1.19(d,J = 6 .9Hz ,6H) , 1 .82(m,4H) , 2 .80(m,2H) , 
3.06(septet,J=6.9Hz,lH), 3.21(m,2H), 7.33(s，lH)’ 8.43(s,lH); Anal. 
Calcd: C, 75.27; H, 6.71; N, 5.49. Found: C, 74.82; H, 6.45; N, 4.59. 
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IX. Spectra: NMR and IR 
page 
NMR-1 6，7’8，9-Tetrahydro-l，6，6-trimethylfuro- 97 
；3,2-c]-naphth[2,l-^]oxepine-10,12-dione 
(71) 
NMR-2 l,2,6,7,8,9-Hexahydro-2,6,6- 98 
trimethylfuro[3,2-c]-naphth[2,l-^]oxepine-
10,12-dione (72) 
NMR-3 l,2-Dihydro-l,6-dimethylfuro[3,2-c]- 99 
naphth[2,l-^]oxepine-10,12-dione (73) 
NMR-4 Formyltanshinone (74) 100 
NMR-5 Methylene dihydrotanshinquinone (75) 101 
NMR-6 1,2,5,6-Tetrahydrotanshinone I (76) 102 
NMR-7 4-Methylene-miltirone (77) [Natural] 103 
NMR-8a 7p-Hydroxy-8,13-abietadiene-ll,12-dione 104 
(78) [^HNMR] 
NMR-8b 7p-Hydroxy-8,13-abietadiene-ll,12-dione 105 
(78) [^H-^H COSY] 
NMR-8C 7p-Hydroxy-8，13-abietadiene-ll，12-dione 刚 
(78) [^H-^H NOESY] 
NMR-9a Sugiol (79) [^H-NMR] 107 
NMR-9b Sugiol (79) pC-NMR] 108 
NMR-10 8,13 - Abietadiene-7,11,12-trione (80) 109 
NMR-11 Methyl 2-isopropylphenyl ether (82) 110 
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NMR-12 4-Oxo-4-(3'-isopropyl-4'-methoxy- 111 
phenyl)butyric acid (83) 
NMR-13 4-(3'-IsopropyI-4'-methoxyphenyl)butyric 112 
acid (84) 
NMR-14 6-Isopropyl-7-methoxy-l-tetralone (67) 113 
NMR-15 Methyl 4-(l,2,3,4-tetrahydro-4-hydroxy-6- 114 
is opropy 1-7-methoxy-1-naphthy l)but-2-
enoate (85) 
NMR-16 Methyl 4-(6-isopropyl-7-methoxy-l- 115 
naphthyl)butanoate (86) 
NMR-17 l,2,3,4-Tetrahydro-l,l-dimethyl-6- 116 
methoxy-7-isopropyl-phenanthrene (70) 
NMR-18a Miltirone (10) [Synthetic] “ 117 
NMR-18b Miltirone (10) [Natural] 118 
NMR-19 l,2,3,4-Tetrahydro-l,l-dimethyl-6- 119 
methoxy-7-isopropyl-phenanthren-4-one 
(88) 
NMR-20 l,2,3,4-Tetrahydro-l,l-dimethyl-6- 120 
methoxy-7-isopropyl-phenanthren-4-ol 
(89) 
NMR-21 l,2-Dihydro-l,l-dimethyl-6-methoxy-7- 121 
isopropyl-phenanthrene (90) 
NMR-22a 1,2-Didehydro-miltirone (33) [Synthetic] 122 
NMR-22b 1,2-Didehydro-miltirone (33) [Natural] 123 
NMR-23 l,2,3,4-Tetrahydro-6-methoxy-7- 124 
isopropyl-phenanthren-l-one (92) 
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NMR-24 l,2,3,4-Tetrahydro-l-methylene-6- 125 
methoxy-7-isopropyl-phenanthrene (93) 
NMR-25a 4-methylene-miltirone (77) [Synthetic] 126 
NMR-25b 4-methylene-miltirone (77) [^^C-NMR] 127 
NMR-26 3，4-Dihydro-6_methoxy_7_isopropyl- 128 
phenanthrene (95) 
NMR-27 3,4-Dihydro-7-isopropyl-phenanthrene- 129 
l(2//),5,6-trione (96) 
NMR-28 l，2，3，4-Tetrahydro-l-hydroxy-l-methyl-6- 130 
methoxy-7-isopropyl-phenanthrene (97) 
NMR-29 3,4-Dihydro-l-methyl-6-methoxy-7- 131 
isopropyl-phenanthrene (98) 
NMR-30 3,4-Dihydro-l-methyl-7-isopropyl- “ 132 
phenanthrene-5,6- dione (100) 
NMR-31 l-Methyl-6-methoxy-7-isopropyl- 133 
phenanthrene (101) 
NMR-32 l,2,3,4-Tetrahydro-6-methoxy-7- 134 
isopropyl-phenanthrene (102) 
NMR-33 l，2，3，4-Tetrahydro-7-isopropyl- 135 
phenanthrene-5,6-dione (103) 
NMR-34 3,4-Dihydro-6-benzyloxy-7-isopropyl- 136 
phenanthren-1 (2//)-one (104) 
NMR-35 1,2,3,4-Tetrahydro-l-hydroxy-l-methyl- 137 
benzyloxy-7-isopropyl-phenanthrene (105) 
NMR-36 l,2,3,4-Tetrahydro-l-hydroyl-l-methyl-7- 138 
isopropyl-phenanthrene-5,6-dione (106) 
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NMR-37 l-Methyl-3,4-dihydro-6-benzyloxy-7- 139 
isopropyl-phenanthrene (107) 
NMR-38a l,2,3,4-Tetrahydro-rra^z^-l,2-dihydroxy-l- 140 
methy 1-6-benzyloxy-7-isopropyl-
phenanthrene (108) [^H-NMR] 
NMR-38b l,2,3,4-Tetrahydro-rra«^-l,2-dihydroxy-l- 141 
methy l-6-benzyloxy-7-isopropyl-
phenanthrene (108) [^H-NMR (CDCI3/D2O)] 
NMR-38C l,2,3,4-Tetrahydro-/ran^-l,2-dihydroxy-l- 142 
methyl-6-benzyloxy-7-isopropyl-
phenanthrene (108) [^H-^H COSY] 
NMR-38d l,2,3,4-Tetrahydro-rran^-l,2-dihydroxy-l- 143 
methy 1-6-benzyloxy-7-isopropyl-
phenanthrene (108) [^H-^H NOESY] 
NMR-39a l,2,3,4-Tetrahydro-rran^-l,2-dihydroxy-l- 144 
methyl-7-isopropyl-phenanthrene-5,6-
dione (110) [^H-NMR] 
NMR-39b l,2,3,4-Tetrahydro-?rfl^2^-l,2-dihydroxy-l- 145 
methy 1-7-is opropy 1-phenanthrene-5,6-
dione (110) [^H-NMR (CDCI3/D2O)] 
NMR-39C l,2,3,4-Tetrahydro-rra«^-l,2-dihydroxy-l- 146 
methy 1-7-is opropyl-phenanthrene-5，6-
dione (110) [^^C-NMR] 
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NMR-39d l,2,3,4-Tetrahydro-rra«^-l,2-dihydroxy-l- 147 
methyl-7-isopropyl-phenanthrene-5,6-
dione (110) [^H-^H COSY] 
NMR-39e l,2,3,4-Tetrahydro-rra«^-l,2-dihydroxy-l- 148 
methyl-7-isopropyl-phenanthrene-5,6-
dione (110) [^H-^H NOESY] 
NMR-40a l,2，3，4-Tetrahydro-cz\y-l，2-dihydroxy-l- 149 
methy 1-6-benzyloxy-7-isopropyl-
phenanthrene (111) [1 H-NMR] 
NMR-40b l,2,3,4-Tetrahydro-c/^-l,2-dihydroxy-l- 150 
methyl-6-benzyloxy-7-isopropyl-
phenanthrene (111) ["C-NMR] 
NMR-40C l,2,3,4-Tetrahydro-czVl,2-dihydroxy-l- 151 
methy l-6-benzyloxy-7-isopropyl-
phenanthrene (111) [^H-^H COSY] 
NMR-40d l,2,3,4-Tetrahydro-c/^-l,2-dihydroxy-l- 152 
methyl-6-benzyloxy-7-isopropyl-
phenanthrene (111) [^H-^H NOESY] 
NMR-41a l,2,3,4-Tetrahydro-cz^-l,2-dihydroxy-l- 153 
methyl-7-isopropyl-phenanthrene-5,6-
dione (114) H-NMR] 
NMR-41b l，2，3，4-Tetrahydro-cz\y-l，2-dihydroxy-l- 154 
methyl-7-isopropyl-phenanthrene-5,6-
dione (114) H-NMR (CDCI3/D2O)] 
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NMR-41C l,2,3,4-Tetrahydro-c/^-l,2-dihydroxy-l- 155 
methyl-7-isopropyl-phenanthrene-5,6-
dione(114) [^H-^H COSY] 
NMR-41d l,2,3,4-Tetrahydro-c/^-l,2-dihydroxy-l- 156 
methyl-7-isopropyl-phenanthrene-5,6-
dione (114) [^H-^H NOESY] 
NMR-42a l,2,3,4-Tetrahydro-l-methyl-2-hydroxy-7- 157 
isopropyl-phenanthrene-5,6-dione (115) 
[IH-NMR] 
NMR-42b l,2,3,4-Tetrahydro-l-methyl-2-hydroxy-7- 158 
isopropyl-phenanthrene-5,6-dione (115) 
[13C-NMR] 
NMR-42C l,2,3,4-Tetrahydro-l-methyl-2-hydroxy-7- 159 
isopropyl-phenanthrene-5,6-dione (115) 
[1H-1H COSY] 
NMR-42d l，2，3，4-Tetrahydro-l-methyl-2-hydroxy_7- 160 
isopropyl-phenanthrene-5,6-dione (115) 
[1H-1H NOESY] 
NMR-43a 2-Isopropyl-4-nitro-anisole (116) H-NMR] 161 
NMR-43b 2-Isopropyl-4-nitro-anisole (116) ["C-NMR] 162 
NMR-44 3-Isopropyl-anisidine (117) 163 
NMR-45 2-Methoxy-3-isopropyl-7,8,9,10- 164 
tetrahydro-phenanthridine (118) 
NMR-46 3-Isopropyl-7,8,9,10-tetrahydro- 165 
phenanthridine-l,2-dione (120) 
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IR-1 6,7,8,9-Tetrahydro-l,6,6-trimethylfuro- 166 
[3,2-c]naphth[2,l-^]oxepine-10,12-dione (71) 
IR_2 l,2,6,7,8,9-Hexahydro-2,6,6~trimethylfuro- 167 
[3,2-c]naphth[2,l-^]oxepine-10,12-dione (72) 
IR-3 l,2-Dihydro-l,6-dimethyfuro[3,2-c]naphth- 168 
；2,l-^]oxepine-10,12-dione (73) 
IR-4 7p-Hydroxy-8,13-abietadiene-ll,12-dione 169 
(78) 
IR-5 Miltirone (10) 170 
IR-6 1,2-Didehydro-miltirone (33) 171 
IR-7 4-Methylene-miltirone (77) 172 
IR-8 3,4-Dihydro-7-isopropyl-phenanthrene- 173 
l(2//),5,6-trione (96) “ 
IR-9 3,4-Dihydro-l-methyl-7-isopropyl- 174 
phenanthrene-5,6-dione (100) 
IR-10 l,2,3,4-Tetrahydro-7-isopropyl- 175 
phenanthrene-5,6-dione (103) 
IR-11 l,2,3,4-Tetrahydro-l-hydrxoy-l-methyl-7- 176 
isopropyl-phenanthrene-5,6-dione (106) 
I 
IR-12 l,2,3,4-Tetrahydro-rra«^-l,2-dihydroxy-l- 177 
methyl-7-isopropyl-phenanthrene-5,6-
dione (110) 
IR-13 l,2,3,4-Tetrahydro-c/j-l,2-dihydroxy-l- 178 
methyl-7-isopropyl-phenanthrene-5,6-
dione (114) 
IR-14 l,2,3,4-Tetrahydro-l-methyl-2-hydroxy-7- 179 
isopropyl-phenanthrene-5,6-dione (115) 
95 



































































































































































\ NMR-2 i 
L I i 
\ — 
^ J -
1 、 ’ ~ ^ 丨 _ ：。 
r\J 
v ^ X 、 
o 、 
。％ \ j 丨： 
S i \ 
o 二 
- 丨c_ 
C^  ^  -
z: 1: ^ -
-




























 I — I _ — 1 J _ _ -
 I
 - - _ _ _ _ I — I
 -
 I _ _ 1
 — 1 — j — I — ^ I — i ^ I — — _ — — _
 _
 _ — I — _ — — _ — _
 _ — — r L — — I — — 1 — — I — — r 
• H . — . — l ^ n — ¥ ~ 1 I P
















 J O I T ^
 i 
「 ( w ^
 i 力 
f J







 J n J ^
 V






 - T r ’
 / I ;
 .

















































 0 I I 3 

























 c v . i




 i r r . ;
 I. ’
 I _ r ^ L L i -








 - r r r - - r
 i . . .































































































































































































































































































































































































































































扣-cos 丫 1 
2 5 0 MH. r ^ ^ K V 王劣 
7 8 
| l i 
I ？ 5 
：^ i、 ？ 
^ A A^ 人 AV z 、、、 
t I f ^ ^ 
夕 ^ m 7i I 「 “ 一 。 
^ a^c^ i t 
i ^ I ；: 
8- • • • # 1 ^ 3 . 0 0 
( • I i ， » ‘ Z I 
I - ； ^ ‘ 
I ! C 
I 丨 L 4 . 0 0 I i : 
i • 
i I 
Z # 窃 I i 
. -p ' I 厂 5.0(3 
!昏 • . 1 1 1 . e U I ；巨 
I j / - i L s.oo 
, Z 坊 • j I ‘ 
3 7 
P P M 1 1 1 1 1 ‘ 
B. 00 5. 00 4. QO 3. OQ 2.00 i .GO 
PPM 
105 
N M R - 8 C 
汉 ^ a i A ^ J 、 ‘ 






/ ^v iWU 
K A _ 7 
j '• ‘ -
： . 。 L 1.00 
。 ’ 、 ， r \ \ 
, I i? s I r 
I 、 乂产 \ L 2.00 
i 發 G, 。 丨 i 
I 一 ；： 
I ！： I ^ :• i ^ 
\ t3- I T I 
0 ^ ! ^ 3 . 0 0 ； 
I I ^ 
I ！ ? 1 
I 丨 一 . 
I J ， 
j 玄 # i ? 
1 I L 4 . 0 0 丨 
I I 
I ^ i I-
！ -
A • : ^ L I [ 
• . . i L 5 . 0 0 
I t ！ I t 
i - ！ r 
！ 丨 [ 
I I I B-go 
I —^ ： ’ 
0 - …々  [ 
• p p 
1 I 1 ‘ 





 r l ,
 I f ,
 1 , . . ^
 ;
 1 . 1





























 0 0 . 9
 O S
 . 9
 0 0 . 6 
r ^ C J V •
 ^ - ^ ^ I C L r w . c v l ^ L L l e x -
 h c j
 .
 , .





















 .  .
 r
 . . 」 」 ， . 二
 . 、 ， • 一
 . ， .
 .
 • r























































































































































































































































； k 卜 丨
 r 」 』 r




 。 ； 、
 二
 0 . 6






 L I , J
 r i f r
 _ L















 i f j ^ ^ ^ ^







 I ！ 
1




















































 i . 1
 I n 
-












 r — — L — — 1 — — L — I i _ I
 _
 1 — — I — — 1 i u .
 1
 1
 1 L — _
 _
 _ _ I — I
 I - - - - - - - -
 I












 I f l j T 





















 i . '
 ,
 — l i - ^ ^ 
i ^ T I T T J I I I I T n " i 
I
 ! 























。 w o 
-





 二  二
 謹
 . 二 
r -
 r t :
 E L L i r r . 卜 」 i r r r r . 」 . . 」 … . _ . L . . . . . r l i . l . . . .
rrtrr r r . L
 卜 I r 卜 卜 . . r r 卜 . r r L 卜 . r r 
y
 ,
 i . u
 p d Y
 ¥:彳^丨I
 l i f , ^ ^
 3




















\ o . V /
 0 - O K 
j d 毫0 
I 
NMR-14 :: 
J - 丨 c 






V ‘ - • 
•I - - " ‘ '• •• 一 ’ ‘ .. •, - J 
1 ‘ < _ 
) 
S —H t--
o L ‘"J 
s H “ 
L ； r " ‘ -.. V 」 r» 
• _ • ’ ‘ ‘ ‘ ‘ • • 一 - I. , , 




I 「c’： — . 
丨 1^，'二 r f s 厂 
i 丨 r-I 丨c .‘―‘ 丨e r-j • • r ’丨 




I — 一 •• _ I III： X 
1 i-
I 
i-！ C • ！ 





• L . • i C i-I 





 . i 




 o . s
 e r g
 o v .
 二
 e r e . 
• .
 u




 r l w u r L r — r !
 r i ^ I K U . — ^
 u i , l




































 1 — f i n 






































































































































































































































































 j _ • 
J 「 f l j Y











































) 9 S 0
 / 
f 











• ， - - ， 」 •































-R n M 1 
、 。 心 々 A s 
01 






 Y v ^ o




































































































































 『 h 
1





 f ^ 
L v s 
0 







































































































































NMR-21 ^ —.二 
i -
- ； ：_ i -I 
. 1 -
i t -i ； 二 i • -\ ，；一 ^ _ � r 
/ ——^ L 
o < “ 二 
\ - i 
V J ：。 
1 ‘ 一 一 、 ’L . i ； ^ \ I L 
! — i r 
I ； I -
； ‘ 
！ ； I — ！ ： I ！ , I I ^ 
1 I t 
S ！ i » • r-I L-
_ l J r 
— 飞： 
丨c 
！ en 产 
t 
I u * 
I f-








I I « 
• I 
NMR-22a 




• • • 
s V d ‘ 

































































































































































































































































































































































































































































































































































































































































































































































\ - — H -
— ^ — I ‘ 
• V ^ 〕 “ 
IZTZr^^ ——^ L. 
> 
i— • 1 rj 、、 -
/ ^ ^ ^ 
S — ； ' 





» ‘ ‘ — 
— -
‘ 1 I ：‘二 O-
、 厂 
w 
\ r-^ I 一 « * 
• 
I ' • 
I 
L. 
！ I— • 
j I " 
- ^ ； 
— > 、 «-- ! • I J r ~ ~ I -. f-^ i c 
、 . 
；O V I , L 
丨 L 
1 • I I I-. : o 
. f— • 
： :L。； 
1 2 8 I-I k-I f w 









 。 _ • 、 .
 n-9
 ( )
 一 二 、
 二 _ . ( -
 (I:〕








 I 1 「 J 











 1 1 -
 i .
 •
 l l l t m l n ! 




 { D i l .
 •

























































































































































































































































































































































































































































NMR-31 r 1 
L 
一 S ^ I 
、 2 O I I 
, ： J : : 
\ r 
V ^ J r 
S 、 、 1 、 ^ 七 
—， 
卜 
L k t 、^ ^  
133 -
卜 
一 t ， l 
二一二
 一
 I V -
 I二
 二 二 、
 二-1;
 一)-!一






















 -  -
 . r - , 」 - - ： ： : L 『 r , . r L : ， ： u - 厂 . . r l . . .



















 : s l
 i * n
 lit












 . t • ！















考 。 s 
9 l / \ j〇 
NMR-33 r 
‘ 1-
；(： - • 
O 
c -• � ^^ I^ —» 
、 L 一 n : 、 ^ 
, N . 
一 • 
CN| 
\ . u 










• -.•• ！ ‘ 
_ . -
• . • i -































































































































































 . . .


































」 」 运 J ； — 
‘ • … • ‘ ~ < 
、 J -—.二c - c r 
： ： — ——~t 
I〜 % \ H 
工 Lc 
V 
P r • 
r 
乂 々 [ 
‘ y ^ ^ - [ 




I - I O L c ^^^zTrzn r： 
z u 。 
CD 
[ O 



















 f ？ 」 




 I … r L ^ ^ r r r t u - ^ l r
 00-^
 。 0 . Q
 00.6
 § - 0
 一 
-














 - - • - • > - ,





 - c 
. ) £


















z ^ f J
 ^ . D























 c r 、
 c v 、
 s v
 I I 二 
. . . . - • _ -
 : . . .
 -
 i . ! _
 一 • ： ； r
 _
 r ! 」













I I ； ： 
卜0










 n n - 、
 n n ‘ r
 n r ;
 £ 」 
: : : 」 ： ； 」 」 ’ L [ r L [
 4
 L-.ME.一』•⑴
 0 0 - . .
 0S.3

































































 1 / 1











 . S I













l . f ^ 『 I J ,

























 I s / \ / \
 w ’ ？ 
INTEGRRL “ ^：；^ 
CO ：•-:::�, 
o • 
、‘ / > 、— 
J 1 , -779 




i CT!-； • -
: 





^ - .gsB ,； - \ —‘： •. 
、’ - z~ __ I 
‘Liz::=g ； A ‘ 
0 - [ 
二 、’ 
~ : hr 
--2.62S >： ‘—r- — 
1 - r ^^ ^ 
:二 g: 7 — - ‘- — « 
-—; 
-: 




AJHH l l f ) ! 
CDC/j H0< 
108 
」 _ — — ： ~ 
~ i ‘ -
J — i ：： 
：^ — Z . 0 
» 
); 
“ “ i ‘ n 
~ J- — ‘ • 。 
«=» ^ ^ 丨-
“ “ f ^ ^ ： 二 2.0 
S &2 ^ I E -
b 
丨~ 
“ E ^ i r 3』 
" i i : 
“ “ ！ ！ 二 4 . 0 I -f 
- • I f -
• -f f - _ ^  
- � . ^ j [ - 』 • I J 
一 _ _ I r 5.0 I i 
n r ^ r 
r-
I ！ I 1 ： ‘ : 5.0 
J ！ I ！ r 
1 4 2 
‘ N M R - 3 8 d 
108 
JLjLuJ^, 
' ' I I I • ^ L 0-0 i _ j 1 I p. 
“ i -
L L l.Q 
: : • - I ^ ! l [ 
！ -^ r 2.0 
i r I -
. I -
r L L 3.0 
• » -^ L 4.0 
I : 5.0 
# 
‘ • -L : 6.0 
-J 1 7.0 
；’ ^ J F 
PPM 
' ' ' 1 ' ' ' ' 1 ' ' ' ' 1 ' ' ' ' I '~~' ' I~「‘ ' "1~[• I I I I I I r I I ( T 7.Q 6.0 5.0 4.0 5：a 2.0 l.Q 0.0 



































































































i  沪  ^ 




















.  /r  」  —
_
 1  
.  :
,





\  ^ u m m o  
•  o  














.  如  \  AMWW
0M
.S 























































































































 K J K J h J































 ^ c 
t •
 015

















T ？ 丨 ： ： > ” 、 
o 、 
. u s 
Z寸
1. 

















 , • 
二
-
 o i 
cc.c:
 : - 
•
: 





. ‘ ！ ^ .
 











































尸  A  >
>  t
Lr
 )  L
I
T J^r. 
\  “  L  2.0Q 





 二  ⑴，。。. 
^f  c"  r 
%  【

































































































































































































 ： ： III  -
二
 /、一















































 o i l
 ^
 7










 去 I b T ) 丄 9 ，







M N o 










. N M R - 4 0 C I 
• o r ^ G 
'h- M ^osr ‘ ^^ I 丄 
""义 k Y ^ I I 
2S0M 山 ( ) i 
I I i ! 
I 111 || 1  
_ _ I k i jl ^ 1 j "1 
一 ^ — — —J * 一 • / 一 V ___ 
! ！ ! i 1 1 
i . I 丨 丨 叫 ： ， � 
i I I i ： i ! 
LJ 1 i ！ i ： - ！ • "7 广 
： ； I 1 j ； r ‘- 乙 … 
i i I ：9 • . r0 • 1 -
I I I • ： r I I » ： • . i i ！ I I ！ I ^ I ； . ； ： 
1 秦 • • ： I 广 ！ I I ： I ^ , 
； j 1——- — ； ‘ »- I ‘ z ‘ 
I n 厂 ‘ -。… 
！ I - 仏 -i I 「 I i l l I J ^ ： i • ! L 
！ ^ 1 5 i . 
！ i ！ I L 
！ i i ；] 
I 丨 j i f ： — • •-i ••！ ！ ； 1 
： . ！ I -
I i ： ！ ！. I I ‘ ； 
1 ‘ I 
. \ \ ^ 
I I ； ； L 
1 ！ 1 ； ： ！ ； ‘ ， 
I 1. i ： ~ i 厂 … … > 1 ： ； 丨 -‘ ： ； ； L 
1 I ； L I ！ i I ！ I <• • I “ I -
； ！ I f < L_ i i i t s -
I I ： . —T 一 。 . w 
I ！ i r 
！ : i i k ！ i ： I , I I I » ！ -I I ； < ' I L_ [ I _ 7 广 
i .. ； ； 7 r 一 z … 
- y . ： i i -
I M ‘ ！ I I ！ j 
? • ‘ 丨 〜 丨 丨 
i I i -
I O r-
I -! - 8 … 








1 5 0  又  T r  A O X (  一  Gc  一 2  g 




3  o  ^  :  j. 
.  i  E 
I  -  ~  ;⑴ - 
I
 •  !  •  J  J  >
 






 I  •  h  •
(( 
^  . . .  - \  i  -
！  ；
 
- J  I I  _  二
 
















*  a  d  【 
-  i  
.
. 
i  ®  a  二
 
i  !  i  a  n
Q 






 >  r
 
i  .  C
 
- •  -
i  .  i  F  s
k 
^  9  o  
令-



















-  J  c 
I  •  二
 
一  ！-











 ^  .  Ii  一  _
 







































































































































































































































































































































I H- ^ COSY 




！ ！ ！ i “ i i ~~I ： 
< i i J _ I O.Q I ！ ^ c 
i i I . I I ! : 
_ 丨 I I I i r 
^ \ ~ ~ ! i ： L j l 1.0 
‘ I I C=> I jQji 1 ： 
^ i i I ！ \ i i 
1 i ! ； 产 I i : 
J ； ！ ！ ： - i y ！ ！ ！ r ？ n 
^ i 1 ^ § i ；「'•。 
1 I ： ！ I I ： 1 
！ - ！： A \1 i % 1 ^ 
i I i ” ？ . i ： ： 
i ； I I I ；： 
——i ^ ！ ！ « ：__： 二 4 .0 
1 I I I i ！ I I I ！ “ 
L _ j _ _ 1 _ _ I i I i ！ j h i ,0 n i i n r i i i I ！ ！ i r 
i ！ ； i i ； ! I i : K n i I — i — i — i i r 
i I ！ ! “ I ^ ： — — ！ — — i i _ _ ！ i_-i_J L 7.0 
^ i r Z l r i 1 I I i I i [ 
_ H 卜， ！ ！ I I j ! 
f——Jp ！ i ！ L_- 二 3.0 
I ！ ？ _ I I J U F 
. . , • , , = ？ M =-0 ？. 0 6.0 S.'u c.'o 3*0 2.3 :: 3 G: fi 
- P P M 




' 身 r 
< 0 八 114 
-J UU A K ^ A u. O-V 
» > Dt! <=S ^ i 
• \ [ “ 
-a ^ 2.00 
[ 
r 
^ ‘ ^ 3.00 
0 8 g 
O % . 4 . 0 0 
L 5 . 00 
_ 6 . 0 0 
. L 7 . 0 0 
, 藥• ‘ “ \ 
y 
i： n 2 t _ 8. 00 
PPM n ••‘ I ‘“1 ‘ I • 丨 ‘ 1‘• i 1 












【 二 一 (s二
 s • 一
 00.N
 0 0 . £
 O S - ?‘
 00.1;
 o s . t ;
 0 0 . s









 - . I h . . r i l e
 一 . _
 r ^ / r L l r r ^ . r
 ^ I r t ^ r
 •
 r . -
 L L
 t r e t
 r -
 • • - . -
 ’
 . . 」 - 「 .
 r u
 L r r r
 l - ^ L r r r r












 .  .
 -
 .
 .  .
 .
 I




 - • • • • - • • 
… - 、 - 7 -





















 一 , 




























」 - : : ; … ：
 一 ) - 一 ( ； … … 一 ) 一 广 ： ； 1 - 二 … ： 口 - . ； : 、 ( ) ⑷ 』 ) 卜 … 二 … N 巨 ： 
J I J ?
 I
 f
 ^ ^ ^ ^ ^ ^ ^ ^ ^ ^ ^ ^ ^ ^ ^ ^ ^ ^ 
I 





















 — 5 3
 ^ ^
 8 
4 r K _ 5 












i h o ^ Y ^ 
115 
A •ijL^ j^ A 
‘ 輦 ^ ^ 
® mm 0 I 2.00 
H K h t h r-c • 烂 、 
。 运 J ftg I 3 . 0 0 
^ i r 
m & s [ 
薄 © 
f « 广 
L 5. 00 
L 6. 00 
0 g , -o 
ar访 
‘ 1 ,,,丨 I I I , I — I I I . 丨 P P M 
00 6. 00 5. 00 4. 00 3. 00 2 00 
PPM 














 ^ I H I i l J ^
 .


































































 1 「 
. 一 ‘ . _
 一
 - 」 . ； ， r . r r 」 」 — r . 」 L . ; . ‘ r L l




 - 、 - >
 •


















 - t l t t l i t - l i
 - I




 J I " 1 1 —
 ^ — — , — — 
-
a . l l v l 3 I 4 1
 1 — •
 , 
-























 • • ’ • - •




- 、 . 、
 、 - -
 ( I




 〔 V 〕






 . — 】
 _
 . — — _ — — . — ^ i l r i - 一 I r - — . < — — - 1 — I 丨 r . i r . I










b 3 4 D ^ 2 

























- : r . , L — _ l ! . r , r j . 丨 1














 n . R
 n - n
 = 
L ! . r . 」 . i 」 ！ ！ 1 1 — l i l — J _ _ ’ 1 ， . _ l i r i r l r — l
 r l T L L











— I — _ U — J _ _ _ _ - L _ _ I _ _ r i _ „ ‘ _ _ _ _ _ _ _ l _ 」 . _ J
 I
 ---, 
( 1 - - —






 l _ 
一 J f






















































 / • ！
 f
 • • » .
 -I —
 - • • > •
 r -
I j 「 J
「— I .
 J








l \ . — . 
l \ n 










NMR-46 丨 \ ： 
i _ { 二 
一 。 
- . — 
！ 
- ！ r j -
1 -•-： J I — 
— V 厂 
^ ‘ — — 一 
‘.一 
\ r — . ！丨rj i 
• - 丨厂 I厂 » .




I ： . 
» y — “ 
^ i_ J 「 
I F i i 
i 「 c 
妄 寒 J I「二 
‘ I : r 则 r 
I ： c •— • 
i f \ — . j r 
^ 二: : I 
— ! I L . I » f 
I O 
I ^ r ！ 
^ i 
O 一 • 
I 
i I “o 
o 
( — • 
165 
‘ 




































































^ ^ ^ k o 
_ ！ 
舰 j 
^ ^ ^ I 。 
. KM 
sst.s祐I I 
I " ••i"—™ _ o 
v.-•_ ~ 。 
啦.仍 * “ I • „. -co 
I I — _丨丨 — 
^DS'aizi _酬• • - oi.ww — I 
QOS'ZXiJrt ^ ^ 
^ ^ LiJ 









卜  3  
•畏—
 i  o 









 •  -  un
llf







 -  iy  I
^
 一 
•  r l L  . —  ；  o  爸——
—•--
•-
 •  r  rn 
.  •-  Ij
-:
 . .  
口  I  Iff  ^  •  -  M  nil  一  1 
-
/•
 ,  i^
^M
 .  r r -
r r  一  ]E 一  •  D 
















yr  (  3 
\ i \  ：  o 
jo 


































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































F 8 T % 





A 已 SCIRBANCE 
.079 .152 .225 .298 .371 .4:^4： 
呂 1 , 丨• I I i 
CJ ] 9061.797 CD 丨 9019.380 
O > 2968.084^ 
S 2937.131 
i 2875.877 
^ f cu / 
/ q / OD / 
f 1° / . . m / V CI CD- / IK CD / OD O / m / U> •一 157B.02E CD 广 rn i 1^99.088 u y l«i66.5ffi J~S, ^ ltE8.096 \ 
？ 1 班.頸 �\X O — ^ 1330.719 n 
。 fim-m 
(112^.500 )"""" 
(10^.082 K 102S.07E 








 。Yv^ 1 o^ 9 丨 10 
% 
8 5， 6 
…。丨丨12叫叫5"








⑴ 30 60 75 90 105 
ro-l 1 1 ._1 1 
o I 
0 
il i %。 O S / 1 J> — , < CDH \ m \ 













0 •丨 1 




T * % 







 — g i
 OS?















 l \ \
 o n








































• 038 .086 . 134： _ 182 .230 .278 
^ 1 ^ S 1 1 
0>4 ^ S 
同 [_____^ 三％。 
罰厂 一 / 
S I / 
3： 0 t yo 
ro o I 
3 k — O" —挪.538 
O 一 •• ,1 yi58.578 
一 I 
叫 
u o o 

C U H K L i b r a r i e s 
DDD31b2D3 
